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NOTICE. 


The  translation  of  the  third  edition  of  this  work  was  completed  two 
years  ago,  and  some  sheets  of  it  had  already  passed  through  the 
press,  when  a  fourth  edition  of  it  was  announced  as  forthcoming  in 
Germany.  As  this,  the  fourth  edition,  had  undergone  complete  revi- 
sion, and  contained  many  important  additions,  it  was  thought 
advisable  to  await  its  appearance  before  publishing  the  translation. 
Through  the  kindness  of  Dr.  Neubauer  and  Dr.  Yogel  in  furnishing 
the  Society  with  proofs  of  the  new  edition  as  it  was  passing  through 
the  press  in  Germany,  the  Translator  has  been  enabled  to  produce 
the  English  version  very  soon  after  its  appearance  in  Germany. 
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PREFACE  TO  THE  FOURTH  EDITION. 


I 


HE  first  edition  of  this  work  on  the  Analysis  of  the  Urine  was 
presented  to  the  Medical  Profession  in  1854,  subsequent  to  a  course 
of  Lectures  on  the  subject  delivered  by  me  to  Medical  Men  and 
Pharmaceutists  at  Wiesbaden.     The  chief  object  which  I  had  in 

Iview  in  its  production  was,  that  it  should  be  of  service  to  the 
physician  engaged  in  practice.  The  favourable  reception  which  it 
met  with  convinced  me  that  it  had  not  altogether  failed  in  this 
respect;  and  induced  me  when,  in  1856,  the  book  was  a  second  time 
called  for,  once  again  to  work  out  thoroughly  the  whole  subject- 
matter  of  it.  Besides  this,  in  order  to  meet  a  desideratum.  Prof. 
J.  Yogel  undertook  what  now  forms  the  Second  Division  of  the 
work,  the  Semiology  of  the  Human  Urine.  In  this  new  form  the 
book  appeared  in  1856;  and  again  a  third  time  in  1858.  Another 
edition,  the  fourth,  has  now  been  called  for. 

In  this  fourth  edition  I  have  still  endeavoured  above  all  to  keep 

the  practical  in  view,  so  as  to  render  the  book  a  safe  guide  for  the 

(Physician  and  the  Pharmaceutist  in  their  investigations  into  the  state 

of  the  urine.     The  medical  student  it  is  hoped  will  also  find  in  it 

a  clear  description  of  the  chemical  characters  of  the  normal  and 

abnormal  constituents  of  the  urine.     The  first  part  treats  of  the 

chemical  character  of  the  different   normal  and  abnormal  consti- 

I    tuents  of  the  urine,  and  contains  many  new  methods  for  their  pre- 

I   paration  and  tests ;  several  of  the  processes  formerly  given  have  been 

'    worked  out  anew,  and  the  whole  subject  brought  up  to  a  level  with 

the  science  of  the  day.   Moreover,  the  large  number  of  investigations 

into  the  urine,  which  have  been  made  in  the  laboratory  here  by 
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myself,  and  by  Medical  Men  and  Pharmaceutists,  has  enabled  me  tc'i 
alter  and  improve  the  method  of  Quantitative  Analysis  described  in 
the  second  part.     The  method  given  in  this  part  for  estimating  th( 
whole   of  the   fixed   constituents   of  the   urine,    the   volumetrica  i 
analysis  of  phosphorus  by  means  of  uranic  oxide,  the  estimation  oJ ' 
creatinine,  and  the  volumetrical  analysis  of  albumen  are  entirely  new. 
The  volumetrical  analysis  of  chlorine  by  means  of  the  silver-sol  utioLi 
after  Mohr,  the  sulphuric  acid-,  and  sugar-volu metrical  analysis,  ano  i 
the  estimation  of  albumen  and  alkalies,  have  all  undergone  con- 
siderable alterations. 

I  have  to  thank  the  Publishers  of  Punke's  Atlas  of  Physiologica]  1 
Chemistry,  for  the  permission  given  me  to  use  their  plates. 

C.  NEUBAUER. 


Wiesbaden,  November,  1862. 
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PLATE  I. 

Fig.  1.  Hippuric  acid,  obtained  from  healthy  human  urine,  and  re-crystallised  out  of 
water. 
Besides  the  ordinary  prisms,  crystals  perfectly  similar  to  those  of  the  triple-phosphate 
are  often,  formed,  especially  when  the  hippuric  acid  is  slowly  deposited.     Crystalg 
of  this  sort  may  be  seen  in  the  lower  third  of  the  figure  to  the  left. 
Fig,  2.   Uric  acid  in  different  forms,  partly  prepared  from  solution  and  crystallisa- 
tion of  chemically -pure  uric  acid,  partly  from-  urinary  sediments  by  the  action 
i        of  acids  on  urates,  and  partly  from  spontaneous  deposition  out  of  urine. 
The  various  forms  of  uric  acid,  from  the  most  ordinary  kind,  viz,,  the  simple 
rhombic  tables  with  obtuse  rounded  angles,  up  to  the  more  rare  modifications, 
may  be  readily  recognised  in  the  figure.     The  dumb-bell  shaped  forms,  shown  in 
the  upper  part  of  the  figure  to  the  left,  which  also  sometimes  appear  spontaneously, 
are  well  represented.     Funke  always  obtained  them  by  dissolving  chemically-pure 
uric  acid  in  concentrated  caustic  potash,  and  then  decomposing  the  solution  under 
the  microscope  by  means  of  concentrated  hydrochloric  acid. 
Fig.  3.   Urinary  sediment,  consisting  oficric  acid,  tirate  of  soda ,  and  oxalate  of  lime 
from  the  urine  of  a  person  convalescent  from  typhus.    : 

A  formation  of  uric  acid  crystals,  not  unfrequently  met  with  in  sediments,  con- 
sists of  large,  dense  bundles,  two  of  which  are  joined  together  at  their  base ;  these 
bundles  are  composed  of  an  infinite  number  of  long,  fine,  whetstone  -  shaped 
crystals,  which  are  for  the  most  part  colourless.  The  brilliant,  letfer-cover  shaped 
crystals  are  oxalate  of  lime.  The  little  roundish  and  angular  dark -coloured  gran- 
ules, lying  singly,  or  massed  together  in  irregular  groups,  consist  of  urate  of  soda, 
which  always  appears  in  the  urine  in  this  molecular  form.  (Compare  Plate  II,, 
Figs.  1  and  2.) 
Fig.  4.  Urinary  sediment,  consisting  of  epithelial  cylinders,  and  numerous  epithe- 
lial cells,  taken  after  death  from  the  bladder  of  a  patient  who  had  died  of  typhus. 
The  cylindrical  tubes  consist  of  the  epithelial  lining  of  the  renal  tubuli,  whose 
round  nucleated  cells  are  distinctly  visible,  through  a  fine  granular  mass  of  mole- 
cules. The  club-,  caudate-,  and  spindle-shaped  nucleated  epithelial  cells  are  de- 
rived from  the  ureters,  the  pelves,  and  calices  of  the  kidneys. 
Fig.  5.  Urinary  sediment,  consisting  of  cylindrical  hyaline  bodies,  epithelial  cells  of 
the  bladder,  and  mucus-corpuscles,  from  a  patient  suffering  under  acute  miliary 
tuberculosis. 

These  urinary  cylinders  are  more  rarely  met  with  than  the  last-mentioned  kind ; 
they  are  hyaline  and  homogeneous,  and  require  care  to  distinguish  them  from  the 
surrounding  fluid.  In  this  case  they  here  and  there  appear  unusually  distinct,  in 
consequence  of  being  covered  with  small  granules  of  urate  of  soda.  Their  extre- 
mities are  somewhat  globular  and  distended.  Moreover,  there  are  seen  roundish, 
long,  or  polygonal,  and  for  the  most  part  distinctly  granular  pavement-epithelium 
of  the  bladder,  and  very  granular  mucus-corpuscles. 
Fig.  6.  Urinary  sediment,  consisting  of  cylinders  of  fhrine,  blood-,  and  pus-cor- 
puscles, and  epithelial  cells  from  the  albuminous  urine  of  a  typhus-patient,  in 
whom  post-mortem  examination  showed  well-marked  inflammatory  inflltration 
of  the  cortical  substance  of  the  kidneys. 

The  granular  cylindrical  bodies  formed  of  a  well-marked  molecular  mass,  are 
fibrinous  coagula  (croupous  exudation)  from  the  renal  tubuli,  whose  shape  they  in 
fact  represent.  Some  of  them  contain  blood-  and  pus-corpuscles,  a  considerable 
number  of  which  are  also  seen  free,  the  blood-corpuscles  being  most  of  them 
swollen,  and  some  few  of  them  with  the  central  depression  still  distinctly  visible. 
The  bipolar  epithelial  cells  have  been  already  described  under  Fig.  4. 


PLATE  II. 

Fig.  1.  Urinary  sediment,  consisting  of  urate  of  soda  from  the  morning  urine  of  a 
tuberculous  patient. 

The  ordinary  whitish,  yellowish,  or  tile-red  deposit,  which  is  separated  from 
concentrated  acid  urine  as  it  cools  in  the  air  (especially  in  febrile  states  of  the 
body),  almost  invariably  consists  of  urate  of  soda,  in  the  form  of  molecules  and 
granules.  When  rapidly  separated,  these  granules  are  very  fine,  and  generally 
deposited  together  in  groups,  as  here  shown.  When  the  urine  has  stood  some 
little  time  (Fig.  4),  a  few  fermentation -fungi  may  also  be  seen,  and  occasionally 
epithelial  cells  of  the  bladder,  which  are  mostly  very  granular  and  round  (see  the 
right  lower  border) . 

Fig.  2.  Urinary  sediment,  consisting  of  tirate  of  soda,  phosphates,  a^id  mucus- 
coagulum,  from  urine  which  has  stood  three  days. 

Here  the  urate  of  soda  is  seen  separated  in  the  form  of  much  larger  and 
darker  granules,  and  in  larger  masses  than  in  the  former  case.  The  regularly 
granular  and  membranous-like  forms  seen  in  the  centre  of  the  figure,  are  fragments 
of  the  pellicle  of  amorphous  phosphatio  earths,  which  often  forms  on  the  surface  of 
urine  undergoing  decomposition  in  the  air.  The  smaller  and  broader  twisted 
bands,  which  consist  of  extremely  fine  points  and  granules,  ranged  together  in 
rows,  are  mucus-coagula,  which  are  not  unfrequently  met  with  in  acid  urine ;  and 
may  be  easily  mistaken  for  the  urinary  casts  above  spoken  of.  Here  also  we  find 
fermentation-fungi  in  rows  and  masses  (as  at  the  imder  border),  and  a  few  very 
granular  mucus-corpuscles. 

Fig.  3.  Urinary  seditnent,  consisting  of  triple-phosphates,  and  of  numerous  mucus- 
corpuscles,  fou7id  i?i  the  recently  passed  turbid  alkaline  urine  of  a  patient  suffer- 
ing under  vesical  catarrh. 

The  crystals  of  ammonio-phosphate  of  magnesia  are  of  different  forms ;  but  may 
be  readily  recognised,  without  crystallographic  or  chemical  analysis.  The  mucus- 
corpuscles  are  rather  small,  very  contracted,  and  granular,  and  for  the  most  part 
united  by  their  borders  into  large  groups. 

Fig.  4.  Urinary  sediment,  consisting  of  urate  of  soda,  uric  acid,  and  fermentation- 
fungi,  from  urine  which  has  undergone  the  acid-fermentation. 

Normal  urine,  and  almost  every  kind  of  acid,  abnormal  urine,  after  long  standing, 
undergo  the  acid-fermentation.  Small  nucleated  fermentation-fungi  form  as  the 
fermentation  advances,  and  increase  by  gemmation,  and  in  this  way  form  simple 
and  branched  rows,  as  shown  in  the  figure.  At  the  same  time,  the  yellow- 
coloured  uric  acid  crystals  are  gradually  separated  from  the  ordinary  form  of  urate 
of  soda,  and  changed  into  the  simple  forms  here  shown.  Moreover,  small  octohedra 
of  oxalate  of  lime  (as  seen  at  the  upper  right  border)  often  appear. 

Fig.  5.  Urinary  sediment,  consisting  of  crystals  of  triple-phosphate  and  urate  of  am- 
monia, frommine  which  has  passed  into  the  stage  of  alkaline-fermentation,  taken 
from  a  patient  suffering  from  paraplegia  consequent  on  disease  of  the  s]iinal  cord. 
The  crystals  of  triple-phosphate  shown  are  those  most  commonly  met  with  in 
decomposed  urine.  The  urate  of  ammonia  is  first  of  all  separated  in  the  form  of 
fine  molecules,  out  of  which  are  gradually  formed  little  globular  bodies,  which  are 
dark,  strongly  refractive  of  light,  and  become  at  last  studded  with  fine  needle- 
points of  different  lengths,  like  the  thorn-apple. 

Fig.  6.  Nitrate  of  urea,  separated  by  means  of  nitric  acid  from  highly-concentrated 
human  'urine. 
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PLATE  III. 

Fig.  1,   Urinary  sediment,  consisting  of  cryitals  of  uric  acid  from  the  urine  of  a 
girl  suffering  from  acute  rheumatism  during  the  menstrual  period. 

Numerous  well-marked  yellow,  vesicle-like,  distended  blood-corpuscles  of  different 
sizes  are  seen,  as  well  as  brownish-yellow  rhombic  tables,  and  other  forms  of  uric 
acid,  which  are  for  the  most  part  disposed  in  groups  and  glands,  representing  the 
ordinary  forms  of  urinary  sediment,  which  so  often  appear  as  a  yellow-shining 
granular  sand. 

Fig.  2.  Humayi  blood-corpuscles,  treated  with  tcater. 

The  gradual  changes  which  the  blood-corpuscles  pass  through,  under  the  action 
of  water,  are  seen  in  the  figure  (proceeding  from  the  left  border  of  it  to  the  right). 
The  cells  in  the  first  place  swell  out,  take  a  somewhat  lens-like  form,  and  at  length 
become  spherical,  the  point  of  central  depression  being  gradually  elevated,  and  at 
last  bulging  out.  At  the  same  time,  the  diameter  of  the  disc  is  necessarily 
diminished.  They  consequently  appear  smaller,  the  central  shade  becomes  indis- 
tinct and  at  length  disappears,  whilst  at  the  borders  a  circular  shadow  appears ;  in 
a  few  cells  lying  at  the  border  the  lens-shaped  form  is  distinctly  seen.  By  further 
action  of  the  water,  the  cells  become  paler  and  more  indistinct,  so  as  to  be  with 
difficulty  distinguished  from  the  surrounding  fluid,  the  contents  of  the  cells — in 
consequence  of  the  imbibition  of  water — having  the  same  light-refracting  power  as 
the  water  aroxmd  them.  They  appear  as  extremely  fine  hyaline  vesicles,  and  at 
last  become  wholly  invisible. 

By  adding  &  concentrated  solution  of  neutral  salt  to  the  water,  the  corpuscles 
again  appear  as  angular,  misshapen,  indented  forms  (as  seen  to  the  right  of  the 
figure). 

Fig.  3.  Pus-corpuscles. 

In  the  lower  half  of  the  figure,  normal  pus-corpuscles  are  seen  in  the  form  of 
round,  pale,  indistinctly-granular  vesicles  of  different  sizes  ;  some  of  them  having 
a  single  round,  excentrically-placed  nucleus,  and  some  again  a  compound  nucleus. 
Some  of  the  cytoid  corpuscles,  as  the  figure  shows,  have  a  well-defined  contour, 
whilst  hx  others  the  contour  appears  indistinctly  marked.  In  the  upper  half  of  the 
figure  are  seen  the  results  of  the  action  of  acetic  acid  on  pus-corpuscles.  The  cor- 
puscles swell  out,  their  surface  becomes  smooth,  and  so  hyaline  that  their  contour 
is  hardly  distinguishable ;  the  nuclei  consequently  appear  in  various  numbers  and 
forms,  sometimes  single,  round,  oval,  of  a  biscuit-  or  horse-shoe  shape,  sometimes 
two,  three,  and  four  in  number,  and  of  different  forms  and  differently  grouped,  re- 
sulting from  the  division  of  the  single  nucleus. 

Fig.  4.  Cystine  taken  from  a  vesical  calculus,  and  re-crystallised  out  of  ammonia. 

Figs.  5  and  6  represent  the  most  important  and  frequently  met  with  organic  forms 
which  are  found  in  urinary  sediment  in  cases  of  cancer  of  the  bladder. 

For  the  special  explanation  of  the  single  figures  and  their  signification,  see 
Section  cvi. 
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INTRODUCTION. 


The  rapid  development  which  Chemistry  has  undergone  during  the  last 
lecennial  period  has  caused  its  influence  to  be  generally  felt^  both 
the  arts  and  sciences.  Manufacturers  and  agriculturists  have 
it  length  become  convinced  of  its  importance,  and,  consequently, 
tudy  it  with  zeal.  Chemistry  has  also  been  of  great  service  to  the 
leaHng  art,  and,  doubtless,  will  render  it  still  further  services.  To 
^his  science,  in  fact,  must  be  attributed,  in  great  part,  the  advances 
lade  by  physiology  and  pathology  in  modern  times. 

The  functions  of  respiration  and  nutrition  have  become  more 
>mprehensible  since  chemistry,  with  its  balance  and  weights,  has 
determined  the  character  of  the  metamorphic  processes.  Physiolo- 
gists and  physicians  have  long  understood  the  importance  of  a 
careful  study  of  these  processes ;  and  have  referred  to  them  when 
giving  an  account  of  the  greater  or  less  rapidity  of  the  changes 
going  on  in  the  body. 

Zoo-chemical  analysis  has  also  necessarily  advanced  under  the  active 
zeal  of  so  many  observers,  and  has  undergone  a  rapid  development.  It 
has  taught  us  that  the  urine  is  a  collection  of  the  products  of  the 
decomposition  of  the  animal  structures,  and  that  from  the  study  of 
the  urine  we  may  hope  to  obtain  positive  conclusions  concerning 
the  nature  of  the  organic  processes  going  on  in  the  diseased,  as  well 
as  in  the  healthy,  body. 

The  urine  has,  indeed,  been  at  all  times  an  especial  object  of 
study  with  zoo-chemical  analysits.  Several  substances  have  been 
discovered,  and  many  phenomena  observed  in  it,  from  which  we 
are  enabled  to  draw  conclusions  concerning  the  functions  of  the 
animal  economy. 

Heretofore,  and  up  to  a  late  date,  the  analysis  of  the  urine  has 
been  a  long  and  difficult  process ;  indeed,  almost  impracticable  in  the 
hands  of  the  physician.  But  it  is  not  so  now.  The  physician, 
armed  with  the  simplest  and  newest  methods^f  analysis,  is  now  able 
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2  INTRODUCTION. 

in  a  short  time,  and  at  the  bedside  of  the  patient,  to  test  the  urine, 
and  thereby  to  discover  in  it  the  presence  of  abnormal  consti- 
tuents, or  to  determine  the  quantity  of  any  of  its  normal  consti- 
tuents. This  method  of  analysis  of  the  urine,  combined  with  a 
scientific  application  of  the  microscope,  enables  us  to  arrive  at 
positive  conclusions  concerning  changes  going  on  in  the  body. 

It  is  intended,  in  the  following  pages,  to  give,  in  the  first  place,  a 
sketch  of  the  urine  in  its  healthy  state ;  and  also  to  point  out  the 
peculiar  changes  which  it  undergoes,  as  consequences  of  its  acid  and 
alkaline  fermentations.  In  the  first  portion  of  the  work  the  chemi- 
cal characters  of  all  the  normal,  as  well  as  abnormal,  organic  and 
inorganic,  constituents  of  the  urine  will  be  detailed.  Their  appear- 
ance, also,  under  the  microscope,  will  be  especially  considered. 

In  the  second  portion  of  the  work,  the  different  methods  to  be 
used  in  determining  the  quantity  of  the  constituents  of  the  urine 
will  be  described,  as  well  as  the  necessary  precautions,  manipula- 
tions, and  modifications  required  in  carrying  them  out.  The  third 
part  Avill  contain  a  practical  guide  to  the  qualitative  and  quantitative 
analyses  of  the  urine  and  its  sediments, — such  as  the  chemistry  of 
the  present  day  affords. 

A  clear  idea  of  the  contents  of  the  work  may  be  obtained  from 
the  following  summary  : — 

PiRST  Part: 

1.  Physical  and  Chemical  Characters  of  the  Healthy  Urine. 

2.  Normal  Constituents. 

a.  Organic. 
d.  Inorganic. 

3.  Abnormal  Constituents. 

4.  Sediments. 

5.  Accidental  Constituents. 

Second  Part: 

Determination  of  the  Weight  of  the  Organic  and  Inorganic 
Constituents  of  the  Urine. 

Third  Part: 

I.  Practical  Guide  to  its  Qualitative  Analysis. 
t.  Characters  of  the  Sediment-s  under  the  Microscope. 
%.  Practical  Guide  to  the  Quantitative  Analysis  of  the  Urine. 
4.  Practical  Guide  to  the   Approximative  Valuation  of  the 
Quantity  of  its  Constituents. 


FIRST     PART. 


SECTION  I. 

The  physical  and  chemical  characters  of  healthy  urine. 

The  urine,  physiologically  considered,  is  a  peculiar  organic  secretion, 
which  is  separated  from  the  body  by  special  organs,  the  kidneys. 
It  contains,  in  solution,  various  nitrogenous  and  saline  compounds, 
the  products  of  the  transformations  of  the  tissues,  which  are  no 
longer  serviceable  for  the  purposes  of  nutrition. 

The  constituents  of  the  healthy  urine  are,  in  the  main,  to  be  re- 
garded as  products  of  the  metamorphoses  of  the  tissues  of  the  body. 
The  most  important  of  them  are  the  following  organic  nitrogenous 
compounds  :  — Urea,  uric  acid.  l)jppiin>.,-amii.^..^xft»iI»iTw,. -aH-d^erea- 
tinmftj  and  colouring  and  extractive  matters. 

Urea  is  the  most  important  constituent  of  human  urine.  It  is 
the  chief  product  of  the  retrograde  metamorphoses  of  the  nitro- 
genous tissues,  and  undoubtedly  results  from  their  oxidation, 
although  we  are  quite  ignorant  of  the  way,  in  which  the  oxidation 
is  effected.  Notwithstanding  the  many  attempts  which  have  been 
made,  urea  has  unfortunately  not  yet  been  artificially  produced  by 
the  action  of  powerful  oxidising  agents  on  proteine-compounds.^ 

In  addition  to  the  compounds  above-named,  the  mineral  consti- 
tuents of  the  blood,  rendered  useless  for  the  purposes  of  life, — and 
other  matters,  which,  having  been  introduced  into  the  body,  either 
interfere  with,  or  do  not  assist  in  its  nutrition, — are  also  discharged 
with  the  urine,  either  unchanged  or  decomposed.  The  kidneys, 
moreover,  through  the  urinary  secretion,  regulate  the  amount  of  water 
in  the  blood,  and  maintain  it  at  a  pretty  equable  quantity. 

*  The  statement  made  by  Bechamp,  that  urea  may  be  produced  by  the 
action  of  permanganate  of  potash  on  proteine  has  not  been  confirmed  by 
Stadeler  and  myself 


4  GENERAL  CHARACTERS  OF  HEALTHY  URINE. 

The  healthy  urine,  then,  is  a  very  complex  fluid ;  and  its  composition 
differs  in  different  classes  of  animals.  The  difference  between  the 
urine  of  carnivorous  and  the  urine  of  herbivorous  animals  shows 
that  food  exercises  a  manifest  influence  over  its  composition.  Tlie 
urine  of  carnivorous  mammalia  does  not  differ  essentially  from  that 
of  man.  In  its  fresh  state  it  is  clear,  and  of  a  light-yellow  colour, 
has  an  unpleasant  odour,  a  bitter  taste,  and  an  acid  reaction.  The 
quantity  of  urea  in  it  is  considerable ;  but  that  of  uric  acid  is  some- 
times exceedingly  small.  The  uric  acid  may,  indeed,  entirely 
disappear  for  a  time ;  but  in  such  case,  it  soon  reappears,  and  then 
in  increased  quantity,  as  happens,  for  example,  in  the  case  of  animals 
which  are  allowed  freedom  of  movement  after  having  been  shut  up 
in  a  cage.  The  urine  of  herbivorous,  differs  considerably  from  that 
of  carnivorous  animals.  It  is  readily  recognised  by  its  constant 
muddy  condition  and  alkaline  reaction,  as  well  as  by  the  presence 
in  it  of  a  considerable  amount  of  carbonates  of  the  alkalis  and 
alkaline  earths.  It  often  contains  a  largish  quantity  of  urea,  and, 
generally,  an  abundance  of  hippuric  acid.  Uric  acid  is  not  found 
in  it ;  and  phosphatic  salts  exist  in  it  only  in  very  small  quantities. 
Oxalate  of  lime,  with  crystals  of  carbonate  of  lime,  are  always  pre- 
sent in  the  sediment  of  this  urine. 

The  influence  of  food  on  the  composition  of  the  urine  is  also 
clearly  shown,  when  an  herbivorous  animal  is  fed  on  animal  diet,  or 
when  it  has  been  kept  for  a  long  time  fasting,  and  its  life  sustained 
solely  at  the  cost  of  its  own  tissues.  Under  such  circumstances,  the 
urine  very  soon  loses  its  natural  alkaline  character,  and  becomes  acid ; 
urea  appears  in  it  in  considerable  quantity ;  carbonate  of  lime  is  no 
longer  found  in  the  sediment ;  and  an  appreciable  quantity  of  uric 
acid  is  generated  in  it.  It  thus  assumes  completely  the  characters 
of  the  urine  of  a  carnivorous  animal — a  fact  of  which  anyone  may 
readily  convince  himself  by  experiments  on  rabbits.  The  reverse 
of  this  happens  when  a  carnivorous  animal  is  fed  on  vegetable 
food. 

The  urine  of  birds,  and  of  amphibious  animals,  &c.,  differs  alto- 
gether from  that  of  the  mammalia,  showing  that  the  organisation  of 
the  animal  exercises  a  distinct  influence  over  the  composition  of  its 
urine. 

Healthy  human  urine,  as  a  rule,  resembles  that  of  carnivorous 
animals.  When  recent,  it  is  clear,  and  of  a  bright  amber  colour, 
has  a  distinct  acid  reaction,  a  saltish  bitter  taste,  and  a  peculiar 
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aromatic  odour.  Stadeler  has,  after  mucli  labour,  thrown  some 
light  upon  the  nature  of  the  odorous  matter  of  the  urine ;  but  his 
experiments  refer  to  the  urine  of  cows  rather  than  to  that  of  man. 
He  succeeded,  by  the  distillation  of  a  large  quantity  of  cows'  urine, 
in  recognising  as  the  source  of  the  odour  a  series  of  peculiar  vola- 
tile acids,  viz.,  phenylic  acid,  and  taurylic,  damaluric,  and  damolic 
acids.  Human  urine  contains  much  smaller  quantities  of  these 
acids ;  and  it  was  only  when  a  considerable  amount  of  it  was  operated 
upon,  that  the  presence  of  phenylic  acid  could  be  distinctly  recognised 
by  its  characteristic  reactions. 

Tlie  specific  gravity  of  healthy  human  urine  varies  between  1*005 
and  1*030 — according  to  the  age,  the  sex,  the  constitution  of  the 
body,  and  the  food. 

The  cause  of  the  constantly  acid  reaction  of  healthy  human  urine 

las  been  much  disputed.     Liebig  thinks,  that  it  depends  chiefly  upon 

khe  presence  of  an  acid  phosphate.     According  to  the  researches  of 

jehmann,  however,  there  can  be  no  doubt,  that  in  many  cases,  free 

lippuric  and  lactic  acids  exist  in  the  urine,  and  consequently  assist 

in  giving  it  its  acid  reaction.     The  urine  may  be  preserved  for  a 

long  time,  protected  from  the  contact  of  air  in  a  closed  glass  vessel, 

without  suffering  any  particular  decomposition.     But  when  exposed 

to  the  air,  peculiar  and  important  changes  take  place  in  it,  and  these 

we  shall  next  more  particularly  consider. 

When  fresh  urine  is  left  to  itself  in  an  open  vessel,  slight 
clouds  of  mucus,  which  gradually  sink  to  the  bottom  of  the  vessel, 
usually  soon  begin  to  form  in  it.  In  this  mucus  we  find,  under  the 
microscope,  some  pavement  epithelium  of  the  bladder  and  urethra, 
as  well  as  mucus-corpuscles,  united  together  by  fine  granular  shreds 
of  mucus.  A  deposit  of  urate  of  soda,  also,  may  be  often  readily 
recognised  in  it. 

When  the  urine  has  been  left  at  rest  a  still  longer  period,  and 
especially  under  the  influence  of  a  moderate  degree  of  heat,  its  acid 
reaction  becomes  stronger ;  and  distinct  crystals  of  impure  uric  acid 
are  at  the  same  time  deposited  on  the  sides  and  bottom  of  the  glass. 
This  increase  of  its  acidity  usually  goes  on  for  some  days,  and  may 
even  continue  for  two  or  three  weeks.  The  acidity,  however,  at  last 
begins  suddenly  to  diminish,  and  gradually  disappears.  The  urine 
now  changes  its  colour,  and  becomes  lighter ;  a  whitish,  iridescent 
pellicle  forms  on  its  surface;  and  the  presence  of  an  unpleasant 
ammoniacal  odour  indicates  that  it  has  become  alkaline.  The  crystals 
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of  uric  acid  disappear,  and  whitish  granules,  and  colourless,  highly- 
refractive  prismatic  crystals  are  formed. 

These  two  phenomena  may  be  distinguished  by  the  names  of  acid 
and  alkaline  fermentations  of  the  urine. 

Scherer  has  arrived  at  some  interesting  conclusions  in  reference  to 
the  decompositions  which  attend  these  fermentations.  The  most 
important  are  the  following : — He  considers  that  the  vesical  mucus 
of  the  urine  is  the  original  promoter  of  the  acid  fermentation.  He, 
in  fact,  regards  it  as  a  ferment,  whose  presence  occasions  a  decompo- 
sition of  the  extractive  colouring- matter  of  the  urine,  this  matter 
being  thereby  converted  into  lactic  and  acetic  acids.  In  this  way 
the  increase  of  free  acid  in  the  urine  is  produced.  A  consider- 
able quantity  of  fungi,  at  the  same  time,  may  be  seen  in  the  urine, 
under  the  microscope.  These  may  be  regarded  both  as  the  proof, 
and  probably,  also,  as  the  promoter  of  the  fermentation ;  they  closely 
resemble  the  cellules  of  the  yeast -plant  in  their  external  characters, 
but  are  somewhat  smaller;  their  mode  of  growth  is  similar,  and  so 
also  their  linear  arrangement.  In  consequence  of  the  formation  oi 
the  above-mentioned  powerful  acids,  the  bases  of  the  readily  decom- 
posed urates  are  separated  from  the  uric  acid,  which  is  then  thrown 
down  in  the  shape  of  well-formed  crystals.  Crystals  of  oxalate  of 
lime  may  also  almost  always  be  detected  in  this  uric-acid  sediment. 
Of  their  manner  of  origin  I  shall  speak  more  fully  under  the  head 
of  the  sediments.   {Plate  II.  Fig.  4.) 

The  free  acid  of  the  urine,  after  a  longer  or  a  shorter  period,  at 
length  begins  to  diminish,  and  then  commences  the  second  stage  of 
the  urine  fermentation,  the  alkaline.  The  urea  is  now  decomposed, 
and  converted  into  carbonate  of  ammonia;"^  the  crystals  of  uric 
acid,  which  had  been  gradually  separated,  disappear,  and  whitish 
granules  of  urate  of  ammonia,  as  well  as  prismatic  crystals  of 
urate  of  soda,  which  often  stud  the  dissolving  crystals  of  uric  acid, 
in  a  radiated  form,  take  their  place.  {Plate  II.  Fig.  5.)  As  the  de- 
composition proceeds,  and  as  the  alkaline  reaction   commences,  a 

*  Beside  the  carbonate  of  ammonia,  small  quantities  of  other  volatile 
bases, — so-called  substitution  ammonias,— appear  to  be  formed.  Of  these, 
Dessaignes  has  already  noticed  one  called 

Trimethylamine  N    C^  H3 

which  is  characterized  by  its  odour  of  sea-fish.  It  was  observed  by  him 
during  the  distillation  of  a  large  quantity  of  human  urine. 
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part  of  the  ammonia  unites  with  the  phosphate  of  magnesia  of  the 
urine,  and  large  quantities  of  beautiful  crystals  of  phosphate  of  mag- 
nesia and  ammonia  are  thrown  down.  {Flate  II.  Figs.  3,  5.)  This 
particular  decomposition  is  closely  related  to  the  formation  of  sedi- 
ments, and  I  shall,  therefore,  have  occasion  to  refer  to  it  again. 

The  urea  is  by  far  the  most  important  of  the  constituents  of  the 
urine.  We  have  abeady  seen  that  it  is,  essentially,  the  final  product 
of  the  retrograde  metamorphoses  of  the  tissues.  It  is  the  medium 
through  which  the  nitrogen,  which  has  become  useless  to  tlie  body, 
is  again  restored  to  the  inorganic  world.  Separated  from  the  body, 
and  brought  into  contact  with  decomposing  and  putrefying  matters, 
urea  is  readily  converted  into  ammonia  and  carbonic  acid,  and  under 
these  forms  becomes  food  for  plants,  and  so  again  commences  its 
circuit  of  changes. 

Uric  acid  stands  next  in  importance  to  urea,  and  is  likewise  the 
product  of  the  decay  of  the  nitrogenous  constituents  of  the  body. 
As  a  chemical  compound,  it  must  be  placed  above  urea,  being,  by 
oxidation,  finally  converted  into  urea  and  carbonic  acid.  The 
quantity  of  it  in  the  urine  is  considerably  less  than  that  of  urea ; 
and,  unlike  urea,  it  is  not  found  free  in  the  urine,  but  combined 
with  bases,  particularly  with  soda. 

Besides  uric  acid,  we  also  meet  with  small  quantities  of  hippuric 
acid  in  urine.  The  source  of  the  hippuric  acid  has  not  yet  been 
determined ;  but  it  is  very  probable  that  it  is  formed,  like  urea  and 
uric  acid,  from  the  retrogressive  metamorphoses  of  the  tissues.  In 
addition  to  these  compounds,  urine  always  contains  a  small 
quantity  of  xanthine  and  creatinine — substances  which  are  also 
found  in  the  juice  of  flesh — and  colouring  and  extractive  matters, 
of  whose  chemical  nature,  origin,  &c.,  we  unfortunately  at  present 
know  very  little.  Of  the  mineral  constituents,  the  phosphates, 
and  especially  the  acid  phosphate  of  soda,  hold  a  conspicuous  place 
in  healthy  urine.  Small  quantities  of  the  earthy  phosphates, 
phosphates  of  lime  and  phosphates  of  magnesia,  and  a  considerable 
quantity  of  chlorides,  viz.  chlorides  of  sodium  and  potassium, 
with  traces  of  chloride  of  ammonium,  are  also  present  in  it.  Lastly, 
we  invariably  find,  as  a  constituent  of  urine,  sulphuric  acid,  which, 
together  with  the  phosphorus  of  the  phosphatic  salts,  are  derived 
chiefly  from  the  sulphur  and  phosphorus  of  the  used-up  proteine- 
compounds  of  the  body.  A  certain  and,  altogether,  not  an  incon- 
siderable quantity  of  carbonic  acid,  derived  from  the  blood  which  is 
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continually  passing  through  the  kidneys,  highly  charged  with  that 
gas,  is  evacuated  with  the  urine. 

Traces  of  oxide  of  iron  and  of  silicic  acid  are  also  found  in  the 
ashes  of  urine. 

Besides  these  normal — organic  and  inorganic — constituents,  the 
urine  may  contain  pathological  and  accidental  constituents.  Of 
the  numerous  pathological  constituents  of  urine,  albumen,  sugar, 
bile,  and  fat  may  be  particularly  mentioned;  they  appear  in  the 
urine  as  consequences  of  special  diseased  conditions  of  the  body. 
The  accidental  vary  much  in  kind,  and  are  introduced  into  the  body 
either  accidentally  or  designedly.  They  are  discharged  from  the 
urine  either  unchanged  or  after  having  undergone  chemical  decom- 
positions.    They  will  be  specially  treated  of  in  the  Pourth  Part. 

We  shall  now  proceed  to  the  more  particular  consideration  of  the 
diflPerent  normal,  organic  and  inorganic,  as  well  as  of  the  pathological 
and  accidental,  constituents  of  the  urine. 


THE  NORMAL  ORGANIC  CONSTITUENTS  OF  THE  URINE. 


SECTION    II. 
UUEA. 

Composition  : — 

In  100  parts;  Carbon      .  .  .  20-000 

Hydrogen  .  .  .  6*666 

Nitrogen    .  .  .  46'667 

Oxygen      .  .  .  26*667 


100-000 

(ao. 


^ 


formula ;  C,  H,  TSI^  O,.  Rational  formula  N,  \  H, 

A.  Occurrence. — Urea  exists  in  the  urine  of  mammalia,  of  birds, 
and  of  reptiles,  but  is  most  abundant  in  the  urine  of  carnivorous 
animals.  It  is  also  constantly  present  in  the  blood,  and  often  in 
considerable  quantities  after  extirpation  of  the  kidneys,  and  in 
Bright's  disease. 

The  fact  of  the  quantity  of  urea  increasing  in  the  blood  after 
extirpation  of  the   kidneys,  tends  to  show  that  this  substance  is 
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formed  in  the  blood  and  not  in  the  kidneys — that  it  is,  in  fact,  the 
product  of  the  oxidation  of  unserviceable  nitrogenous  materials — the 
results  of  the  wear  and  tear  of  the  tissues,  and  also  of  the  superfluous 
nitrogenous  matters,  which  have  been  introduced  into  the  blood. 
Urea  does  not  exist  in  the  juice  of  muscles,  but  it  may  be  artificially 
obtained  out  of  certain  bodies — creatinine,  xanthine,  hypoxanthine, 
&c. — which  are  present  in  this  juice.  Consequently,  we  may  assume, 
that  this  class  of  bodies  (to  which  also  the  uric  acid  found  in  the  blood 
belongs)  is  converted  into  urea  and  other  compounds  by  the  action  of 
oxygen  and  the  free  alkalis,  and  then  discharged  from  the  body  by  the 
kidneys.  Thus,  uric  acid,  creatine,  glycine,  allantoine,  guanine,  theine, 

I  gelatine,  and  superfluous  nitrogenous  nutritive  materials,  when  intro- 
duced into  the  blood,  are  converted  into  urea  and  other  compounds, 
and  so  cause  a  rapid  increase  in  the  quantity  of  urea  in  the  urine.^ 
t 
p. 
01 
tv 


Urea  is  also  found  in  healthy  blood,  in  the  amniotic  fluid,  and  in  the 
vitreous  and  aqueous  humours  of  the  eye.  Funke  and  others  have  found 
it  to  be  a  normal  constituent  of  the  sweat.  Wurtz  likewise  found  it  in  the 
lymph  and  chyle  of  different  animals.  It  does  not  appear  to  be  normally 
present  in  the  muscles  of  man,  and  of  the  vertebrata  generally  ;  at  least  no 
one  has  yet  succeeded  in  finding  it  there.  It  probably,  however,  exists  in 
the  muscles  and  organs  of  many  of  the  lower  animals.  Notable  quantities 
of  it  were  found  bj  Stadeler  and  Frerichs  in  the  muscles,  and  in  almost  all 
the  organs  of  many  cartilaginous  fishes,  whilst  in  the  corresponding  parts  of 
bony  fishes  it  was  sought  for  in  vain. 

Urea  is  found  in  nearly  all  the  fluids  of  the  body,  when  its  excretion 
through  the  kidneys  is  interfered  with  or  suppressed.  In  such  case,  an  in- 
crease of  it  is  first  observed  in  the  blood,  and  after  that  it  soon  appears  in 
the  serous  exudations ;  it  has  also  been  found  in  the  bile  and  the  saliva,  in 
vomited  matters,  and  even  in  pus  and  milk.  Under  such  circumstances,  the 
sweat  also  contains  much  urea,  so  that  even  a  slight  crust  of  urea  may 
sometimes  remain  after  the  evaporation  of  the  sweat  (Schottin). 

When  urea  is  introduced  into  the  body  it  is  not  decomposed  under  normal 
coHditions,  but  is  rapidly  removed,  so  that  in  the  course  of  a  few  minutes  a 
distinct  increase  of  the  urea  may  be  often  observed  in  the  urine.  Gallois 
saw  a  rabbit  weighing  two  kilogrammes  killed  by  20  grammes  of  urea  ;  first 

*  I  must  here  call  attention  to  an  interesting  investigation  into  the 
physiological  action  of  the  spleen  and  the  sources  of  the  urea,  by  Fiihrer  and 
Gr.  Ludwig,  in  the  Archiv  fiir  Physiolog.  Heilkunde,  1855.  Heft  3  and  4. 
The  authors  offer,  as  the  result  of  their  researches,  the  following  conclu- 
sion : — The  urea,  during  normal  nutrition,  is  essentially  derived  from  the 
solution  of  the  morphotic  elements  of  the  blood,  and  all  superfluous  food 
taken  into  the  body  occasions  an  excessive  formation  and  destruction  of 
these  elements. 
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of  all,  its  respiration  was  retarded,  then  came  on  weakness  of  the  limb, 
tremblings,  twitchings,  general  convulsions,  rigidity,  and  death. 


The  urine  of  a  healthy  man,  under  mixed  diet,  contains  on  an 
average  from  2*5  to  3-2  p.  c.  of  urea;  hence,  from  22  to  35  grammes 
of  it  are  discharged  in  the  twenty-four  hours.  The  quantity  of  the  urea 
excreted,  however,  varies  much,  and  is  greatly  influenced  by  the 
weight  of  the  body  and  the  food  taken.  Lehmann  found  the  quan- 
tity of  urea  to  amount  to  58  grammes  in  the  twenty-four  hours  under 
a  purely  animal  diet,  and  to  diminish  to  15  grammes  under  a  non- 
nitrogenous  diet.  The  urea  does  not,  however,  wholly  disappear 
from  the  urine,  even  when  no  food  is  taken. 

There  are  several  methods  by  which  urea  may  be  artificially  pro- 
duced. Tor  example,  cyanate  of  ammonia,  which  has  an  elementary 
composition-  similar  to  that  of  urea,  is,  when  heated  in  solution, 
readily  changed  into  urea.  Urea  may  be  also  produced  from 
creatine,  allantoine,  aloxan,  oxamide,  and  many  other  bodies.  Uric 
acid,  when  subjected  to  the  action  of  powerful  oxidising  agents, 
yields,  as  its  ultimate  products,  urea,  carbonic  acid,  and  water. 
Nathansen  has  lately  discovered  two  other  modes  of  forming  urea, 
which  seem  to  indicate  that  urea  is  probably  an  amide  of  carbonic 
acid.  He  obtained  urea  by  heating  carbonic  ether  with  an  excess  of 
ammonia;  and  also  by  the  action  of  chloro-carbonic  acid  on  dry 
ammoniacal  gas.     I  can  corroborate  both  these  facts. 

B.  Preparation: — 1.  From  the  urine. — Two  volumes  of  urine 
are  mixed  with  one  volume  of  the  solution  of  baryta,  as  used 
in  the  quantitative  analysis  of  urea.  The  mixture  is  filtered, 
in  order  to  remove  from  it  the  precipitate  of  phosphate  and  sul- 
phate of  baryta,  which  is  formed,  and  is  then  evaporated  to 
dryness  in  a  water-bath.  The  residue  is  treated  with  alcohol, 
and,  after  filtration,  evaporated  to  dryness.  The  saline  products 
thus  obtained  are  treated  with  pure  alcohol.  The  solution  now 
contains  pure  urea,  which,  on  evaporation,  crystalhses  in  colour- 
less needles.  Should  the  urea  not  be  perfectly  colourless,  it 
may  be  made  so  by  subsequent  treatment  with  pure  animal  char- 
coal. 

2.  From  cyanate  of  ammonia. — Eighty  grammes  of  anhydrous 
ferro-cyanide  of  potassium  are  heated  over  a  gentle  fire,  with 
thirty  grammes  of  carbonate  of  potass,  until  a  portion  of  the  mass, 
on  trial,  hardens  into  a  colourless  glass.     The  crucible  containing 
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the  mixture  is  then  removed  from  the  fire,  and  150  grammes  of  red- 
lead  are  added  to  it  very  gradually,  and  in  small  quantities  at  a 
time ;  the  mass  is  again  heated  about  ten  minutes,  and  kept  con- 
stantly stirred,  and  then  poured  upon  an  iron  plate.  When  it  has 
cooled,  the  crude  cyanate  of  potass  is  moistened  with  a  solution  of 
80  grammes  of  sulphate  of  ammonia  in  400  to  500  grammes  of 
water,  and  when  all  of  it  is  dissolved,  the  solution  is  filtered  and 
evaporated  to  dryness.  The  dried  saline  mass  is  then  treated,  and 
several  times  digested,  with  small  portions  of  alcohol  (100  to  200 
grammes,  30g) ;  the  solution  is  filtered,  the  alcohol  separated  by  dis- 
tillation, and  the  residue  then  left  to  crystallise. 

c.  Microscopical  characters. — When  pure  urea  is  rapidly  depo- 
sited from  a  concentrated  solution,  it  appears,  under  the  microscope, 
in  the  form  of  white,  shining,  silky  needles.  But  when  the  crystal- 
lisation takes  place  slowly  in  a  weak  solution,  beautiful  silky,  white, 
nearly  transparent,  shining,  striated,  four-sided  prisms,  terminated 
by  one  or  two  oblique  facets,  are  formed.  (Funke,  Plate  II. 
Fig.  4.) 

D.  Chemical  characters* — Urea  has  a  bitterish,  cool  taste,  resem- 
bling that  of  saltpetre.  Its  crystals  contain  no  water,  are  permanent 
in  the  air,  and  readily  dissolve  in  water  and  in  alcohol.  Its  solu- 
tions are  neutral.     In  ether  it  is  almost  wholly  insoluble. 

1.  When  urea  is  moderately  heated  on  platina,  it  melts  and  gives 
off  ammonia ;  but  when  the  heat  is  increased  it  becomes  solid  again, 
takes  a  brown  colour,  and  is  at  last  completely  consumed,  leaving 
no  trace  of  carbon  behind. 

When  the  heat  is  carefully  applied,  much  ammonia  is  given  off  at 
150^  to  160^  C.  (302^  to  320°  Fahr.) ;  and  the  remains  of  the  pre- 
viously melted  urea  harden  into  a  mass  of  cyanuric  acid  3  (C^  H^ 
^2  O2)  =  (Ce  H3  N3  0,  +  3  N  H3),  with  which  are  mixed  small 
quantities  of  other  products  of  the  decomposition  (ammelide  Cg  H^ 
N,  O,  and  biuret  C,  H,  N3  OJ. 

2.  Urea  is  decomposed  when  heated  with  strong  mineral  acids, 
with  sulphuric  acid,  for  instance,  or  with  caustic  potass  or  soda, 
two  equivalents  of  water  being  added  to  its  elements,  and  carbonic 
acid  and  ammonia  formed.  (Quantitative  analysis  by  Ragsky  and 
Heintz.)  It  also  undergoes  a  similar  decomposition,  first,  when 
we  add  to  its  solution  putrescible  organic  nitrogenous  matters — the 
cause  of  the  alkaline  fermentation  of  the  urine — and,  secondly, 
when  it  has  been  exposed  for  a  long  time  in  a  closed  tube,  to  a 
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temperature  above  100®  C.  (Fahr.  212°).     (Quantitative  analysis 
by  Bunsen)  C^  H,  N,  0,  +  2  H  O  =  2  C  0,  +  2  N  H3. 

3.  When  nitrous  acid,  or  a  solution  of  nitrite  of  suboxide  of 
mercury  in  nitric  acid  is  added  to  a  solution  of  urea,  the  urea  is 
converted  into  water,  carbonic  acid,  nitrogen,  and  ammonia.  (Liebig, 
Wohler,  Ludwig,  and  Krohmeyer.)  C,  H,  N,  O^  +  N  O3  +  N  0„ 
H  O  =  2  C  O^  +  2  N  +  N  H,  O,  N  0,  +  HO.  Consequently 
1  gramme  of  urea  causes  1*2  gramme  of  gas  to  be  given  off. 

4.  .A  solution  of  urea  heated  with  nitrate  of  silver  yields  an  in- 
soluble deposit  of  cyanate  of  silver,  and  the  solution  contains  nitrate 
of  ammonia.  By  this  method  we  reconvert  it  into  the  same  com- 
binations (cyanic  acid  and  ammonia),  from  which  we  obtain  it 
artificially. 

5.  Oxide  of  mercury  forms  several  definite  combinations  with 
urea,  in  which,  according  to  circumstances,  two,  three,  or  four 
equivalents  of  the  oxide  of  mercury  are  combined  with  one  equivalent 
of  urea.  Oxide  of  silver  forms  a  similar  combination  with  urea, 
three  equivalents  of  the  oxide  uniting  with  one  of  urea. 

6.  A  solution  of  nitrate  of  mercury,  added  to  a  solution  of  urea, 
yields  a  white  flocculent  precipitate,  the  composition  of  which  varies 
with  the  degree  of  concentration  of  the  fluid.  The  precipitate  may 
have  a  composition  answering  to  either  of  the  following  formulae : — 

N  0„  Ur  +  2  Hg  0 

or  NO,,  Ur  +  3HgO 

or  NO,,  Ur +  4  HgO 
Corrosive  sublimate,  on  the  other  hand,  occasions  no  precipitate 
in  weak  acid  solutions  of  urea ;  but  in  an  alkaline  solution  it  does 
so  readily.     Liebig's  quantitative  determination  of  the  urea  and  of 
the  chlorine  is  founded  on  this  fact. 

7.  Urea  mixed  with  a  solution  of  hypochlorite  of  soda  is  con- 
verted into  nitrogen,  carbonic  acid,  and  water.  The  carbonic 
acid  is  rapidly  absorbed  by  the  ley,  so  that  the  quantity  of  the  urea 
may  be  determined  directly  by  measurement  of  the  nitrogen.  (Davy.) 

8.  Urea,  in  an  alkaline  solution,  energetically  resists  the  oxidising 
agency  of  hypermanganate  of  potash ;  on  the  other  hand,  in  hydro- 
chloric acid  solutions  it  readily  decomposes,  especially  when  heated, 
and  is  converted  into  carbonic  acid  and  ammonia.  This  property 
of  urea  tends  to  indicate  that  it  is  the  final  product  of  the  retro- 
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gressive  metamorphoses  of  the  tissues ;  for  in  an  alkaline  solution, 
and  so,  therefore,  in  normal -blood,  it  is  not  oxidised  by  oxidising 
agents.  Hereby,  also,  it  is  essentially  distinguished  from  uric  acid, 
creatine,  guanine,  &c.,  which  are,  in  a  manner,  one  step  higher  in 
composition.  Urea  also  remains  unaffected  when  in  contact  with 
ozone,  under  whose  influence  uric  acid  is  rapidly  decomposed  and 
urea  produced. 

9.  Just  as  urea  arises  from  the  union  of  cyanic  acid  and  ammonia, 
so  likewise  are  compound  ureas — combinations  perfectly  analogous 
to  ordinary  urea-compounds — formed  when  cyanic  acid  is  com- 
bined with  the  homologous  bases  of  alcohol  radicles  instead  of 
ammonia,  for  example,  with  ethylamine  : 

Thus,  N  <  H        instead  of  with  ammonia  N  <  H 

(h  (h 

These  combinations  exactly  correspond  to  urea,  excepting  only  that 
a  part  of  the  hydrogen  is  replaced  by  the  alcohol-radicles — for 
example,  by  ethyl  C^  H^,  by  methyl  C^  H3,  &c. 

Thus,  we  have : 

,H 

Urea       .     .     .     C  J  JJ  N,  0, 

^H 

Ethyl-urea  G.{^sk' ^,0, 

(C,H3 

Dimethyl-urea       C,    C,  H3  N,  0. 
(SH 
(O.H3 
Ethylmethyl-urea  C,    C,  H,  N^  O, 

(2H  &c. 

All  these  compounds  resemble  urea;  they  yield,  with  nitric  acid, 
salts  difficult  of  solution ;  and  by  the  action  of  potash  two  equiva- 
lents are  decomposed  into  carbonic  acid  and  two  equivalents  of  base. 
Eor  example :  Ethyl-urea  C^  H^  N^  O^.-— 

(H  (C,H, 

c,  h^n.o,  +  2ho  =  2co,  +  nhh-nh 

(h       (h 

(Ethylamine). 
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The  isomeric  dimethyl-urea  again  yields  : — 

c,  h3  n,  o,  +  2  h  o  =  2  c  o,  +  2  n  h 

(h 

(Methylamine) . 

10.  Urea  forms  crystallisable  compounds  with  many  salts — with 
corrosive  sublimate,  chloride  of  sodium,  nitrate  of  lime,  chloride  of 
calcium,  &c.  It  likewise  produces,  with  many  acids — such  as  suc- 
cinic, tartaric,  citric,  and  gallic  acids — as  well  as  with  inorganic 
acids,  crystallisable  salts,  two  of  which,  the  nitrate  and  oxalate, 
are  of  especial  interest. 

a.  Nitrate  of  urea, — C^  H^  N^  O^,  N  O^,  HO.  A  concentrated 
solution  of  urea,  mixed  with  pure  moderately  concentrated  nitric 
acid,  free  from  nitrous  acid,  throws  down,  on  cooling,  white,  shining 
plates  or  scales.  These  are  for  the  most  part  single,  but  some 
of  them  are  massed  together,  overlying  one  another. 

When  the  quantity  of  urea  is  small,  the  formation  of  the  salt  may  be 
observed  under  the  microscope,  and  in  the  following  way : — one  end  of  a 
little  bit  of  thread  is  laid  in  the  drop  which  is  to  be  tested  for  urea ;  the 
drop  itself  and  one-half  of  the  thread  is  then  covered  with  the  glass,  and  the 
other  end  of  the  thread  moistened  with  a  drop  of  pure  nitric  acid.  In  this 
way,  two  fluids  being  gradually  mixed  together,  the  formation  of  crystals 
goes  on  very  regularly  on  both  sides  of  the  thread  which  is  under  the  glass ;  so 
that  we  can  examine  the  crystals  during  formation.  First  of  all,  we  observe 
rhombic  plates  or  short  prisms,  whose  acute  angles  measure  82°,  as  well  as 
numerous  complicated  forms.  The  forms  by  removal  of  their  obtuse  angles 
and  by  flattening  are  converted  into  hexagonal  plates  or  six-sided  prisms. 
The  development  of  these  crystals,  however,  only  goes  on  regularly  when 
the  processs  is  slow.  "When  the  crystallisation  is  rapidly  conducted  numerous 
six-sided  tile-shaped  plates,  superimposed  the  one  on  the  other,  are  formed. 
Obtuse  octahedra  with  a  rhombic  base,  of  slight  durability,  and  having  an 
acute  angle  of  82^,  are  also  frequently  formed  at  the  moment  when  the 
two  fluids  come  in  contact ;  other  crystals  are  also  rapidly  deposited  on 
these,  and  hence  the  primitive  octahedra  pass  into  the  rhombic  or  hexa- 
gonal plates  before-mentioned.  Lastly,  we  notice  very  characteristic  twin- 
crystals,  which,  from  a  peculiar  arrangement,  diflS.cult  of  description,  result 
in  crystalline  formations,  which  very  closely  resemble  the  well-known  forms 
of  gypsum.     {Plate  II.  Fig.  6.) 

This  salt  remains  unchanged  in  the  air,  dissolves  freely  in  water,  but 
not  readily  in  water  mixed  with  nitric  acid,  and  scarcely  at  all 
in  alcohol  containing  nitric  acid.  Bapidly  heated  on  platina-foil  it 
detonates,  and  at  140®  C.  (Fahr.  284®)  is  decomposed  into  carbonic 
acid,  nitrous  oxide,  urea,  and  nitrate  of  ammonia. 
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On  mixing  a  concentrated  solution  of  nitrate  of  urea  with  oxalic 
acid,  the  second  compound,  oxalate  of  urea,  is  precipitated. 

h.  Oxalate  of  urea.— 'Z  (C,  H,  N,  OJ,  C,  O^  4  4  H  O.  This  com- 
pound, also  formed  by  the  mixture  of  oxalic  acid  with  a  concentrated 
solution  of  urea,  is  deposited  in  the  shape  of  long  thin  plates  or 
prisms.  When  the  formation  of  the  crystals  is  observed  under  the 
microscope,  they  usually  appear  in  the  form  of  hexagonal  plates, 
like  those  of  nitrate  of  urea,  and,  more  rarely,  as  four-sided  prisms. 
(Funke,  Plate  11.  Fig.  6.) 

Oxalate  of  urea  dissolves  readily  in  water,  but  is  precipitated 
from  its  solution  on  the  addition  of  an  excess  of  oxalic  acid.  It 
is  decomposed  by  heat  into  carbonate  of  ammonia  and  cyanuric  acid. 

E.  Tests. — To  demonstrate  the  presence  of  urea  in  urine,  it  is 
sufficient,  in  most  cases,  to  evaporate  a  small  quantity  (15  to  20 
grammes)  of  urine  to  the  consistence  of  syrup,  in  a  water-bath ;  this 
residue  is  then  repeatedly  washed  with  alcohol,  so  long,  in  fact,  as  a 
drop  of  the  solution,  evaporated  on  a  watch-glass,  leaves  any  trace 
behind  it.  The  urea  is  now  contained  in  the  alcoholic  solution,  and 
when  the  spirit  has  been  driven  oif  in  a  water-bath,  is  left  as  a  more 
or  less  impure  residue.  Dissolved  in  a  little  water,  and  treated 
partly  with  pure  nitric  acid  and  partly  with  a  concentrated  solution 
of  oxalic  acid,  it  forms  the  two  above-mentioned  compounds. 
When  very  minute  quantities  are  used,  the  crystallisation  of  nitrate 
ol  urea  may  be  observed  under  the  microscope — the  crystalline  forms, 
described  above  under  the  head  of  Nitrate  of  Urea,  being  produced. 
Any  albumen  contained  in  the  urine  must  be  first  of  all  separated  by 
the  addition  of  a  drop  of  acetic  acid  and  boiling;  the  solution  is 
then  filtered  and  treated  as  already  described.  This  process  must 
always  be  followed  when  urea  is  sought  for  in  the  blood. 
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Composition:-            Creatine. 

In  100  parts  :  Carbon    .     . 

.     .     36-64 

Hydrogen     . 

.     .       6-87 

Nitrogen 

.     32-06 

Oxygen 

.     24-43 

(Anhydrous) 

.      100-000 

rmula:  C,  H,  N3  0,  +  2  H  0. 

16  CREATINE. 

A.  Occurrence. — Creatine  is  found  in  the  juice  of  muscles  both 
striped  and  unstriped^  in  quantities  varying  from  0*07  to  0*32  p.  c. 
Scherer  found  only  0*0888  p.  c.  in  horse-flesh.  According  to 
Verdeit  and  Marcet  traces  of  it  exist  in  the  blood.  W.  Miiller  and 
Lerch  also  found  it  in  the  brain ;  but  it  has  not  yet  been  discovered 
in  the  glandular  organs.  With  regard  to  its  presence  in  the  urine, 
the  reader  is  referred  to  what  is  said  under  the  head  of  Creatinine. 

Little  positive  is  known  concerning  the  physiological  import  of 
creatine.  Its  presence  in  the  juice  of  muscle,  and  its  highly 
nitrogenous  composition  would  lead  us  to  regard  it  as  an  important 
agent  of  nutrition ;  but  its  ready  conversion  into  urea,  creatinine, 
and  sarcosine  (all  of  which  are  undoubtedly  to  be  considered  as 
excretions),  gives  to  it  rather  the  character  of  an  excretion,  holding 
a  position,  in  the  stages  of  retrogressive  tissue-metamorphoses  some- 
what midway  between  the  most  complex  proteine-bodies,  and  the 
simpler  forms  (urea,  &c.).  Creatine,  therefore,  is  more  nearly  related 
to  urea  than  to  proteine-bodies. 

B.  Prejmration. — Plesh  finely  chopped,  or  rubbed  down  with 
rough  glass-powder  is  mixed  with  an  equal,  or  one  and  a-half  times 
its  volume  of  spirits  of  wine,  gently  heated  in  a  water- bath,  and  its 
fluid  then  expressed.  The  spirits  of  wine  is  first  of  all  distilled  oif 
from  this  fluid,  and  the  remainder  carefully  precipitated  by  acetate  of 
lead.  The  filtrate  is  then  freed  from  lead  by  sulphuretted  hydrogen, 
and,  when  separated  from  sulphide  of  lead,  is  evaporated  to  the 
consistence  of  syrup  in  a  water-bath.  The  crystals  which  separate 
are  collected  after  an  interval  of  a  few  days,  freed  from  their  mother- 
ley  by  being  laid  on  blotting-paper,  and  then  crystalHsed  out  of 
hot  water. 

c.  Microscopic  characters. — Pure  creatine  forms  colourless,  per- 
fectly transparent,  glistening  crystals,  which  belong  to  the  mono- 
clinic  system.  (Punke,  Plate  III.  Fig.  1.)  They  are  usually 
disposed  in  groups,  somewhat  similar  to  those  assumed  by  sugar  of 
lead. 

When  a  dilute  solution  of  creatine  is  placed  in  a  concave  object-glass, 
and  allowed  to  evaporate  spontaneously,  we  first  observe  at  the  bordef  of 
the  fluid  a  formation  of  long  prismatic  crystals,  which  are  thickest  at  their 
free  extremities,  and  gradually  become  thinner  towards  their  other  ends. 
Towards  the  centre  of  the  fluid  very  regular  crystals  are  gradually  formed, 
and  in  particular  prisms,  which  are  often  united  together  at  their  acute 
angles  in  a  fan-like  shape.     A  few  crystals  here  and  there  in  the  middle 
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present  a  oharaoteristic  bulging-out,  similar  to  that  of  lactate  of  zinc  :  these 
become  thinner  towards  their  extremities,  and  are  bounded  by  two  plain 
surfaces-  There  also  often  appear  thick,  apparently  rectangular  plates,  some- 
times singly,  and  sometimes  in  larger  numbers. 

D.  Chemical  characters. — Creatine  has  a  bitter,  pungent  taste. 
It  dissolves  in  75  parts  of  cold  water.  Boiling  water  takes  up  a 
much  larger  quantity  of  it,  but  as  it  cools,  the  creatine  separates  in 
the  form  of  shining  crystalline  needles.  Alcohol  takes  up  only  1  in 
9410  parts;  and  in  ether  it  is  completely  insoluble.  Its  aqueous 
solution  has  no  action  on  vegetable  colours,  has  a  bitter  taste,  and 
very  readily  undergoes  decomposition.  Dessaignes  has  recently 
succeeded  in  forming  crystallisable  compounds  of  creatine  with 
sulphuric,  hydrochloric,  and  nitric  acids. 

2.  When  creatine  is  boiled  for  a  long  time  in  a  solution  of  baryta, 
it  is  converted  into  urea  and  sarcosine  : 

C.  H„  N3  O,  =  C,  H,  N,  O,  +  C,  H,  N  O, 
(creatine)  (urea)  (sarcosine) ; 

and  if  the  boiling  be  continued  still  longer,  the  urea  is  changed 
into  carbonic  acid  and  ammonia,  the  ammonia  escaping,  and  the 
carbonic  acid  uniting  with  the  baryta.  The  sarcosine  may  be 
obtained,  though  with  difficulty,  in  the  form  of  colourless  crystals. 

3.  Creatine  dissolves  without  change  in  dilute  mineral  acids ; 
but  when  boiled  in  concentrated  acids,  it  gives  off  water,  and  is 
converted  into  creatinine  : 

C.H„N,0,-4H0  =  C.H,N,0, 
(creatine)  (creatinine). 

4.  Chloride  of  zinc  produces  no  precipitate  with  perfectly  pure 
creatine.     (Schlossberger). 

5.  Creatine  is  not  affected  by  the  action  of  peroxide  of  lead;  but 
it  is  decomposed  by  permanganate  of  potass;  the  products,  how- 
ever, of  this  decomposition  are,  with  the  exception  of  carbonic  acid, 
unknown.  It  is  possible  that  urea  may  be  one  of  the  products 
formed. 

6.  When  a  solution  of  creatine  is  boiled  with  an  excess  of  oxide 
of  mercury,  carbonic  acid  is  evolved  with  separation  of  metalKc 
mercury,  and  the  solution  contains  the  oxalate  of  a  powerful  base  of 
methyluramine  (C,  H^  N3),  which,  according  to  Dessaignes,  is  to 
be  considered  as  a  conjugate  of  urea  and  methylamine,  effected  with 
separation  of  water. 
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C,  H,  N3  +  2  H  O  =  C,  H,  N,  0,  +  N  { J  ^ 

(Urea)         ,_^  xi,  ?      •     > 
(Metnylammej 

E.  Tests. — (See  Creatinine.) 
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Creatinine. 
Composition : — 

In  100  parts  :  Carbon  .     .     . 

.     42-48 

Hydrogen   .     . 
Nitrogen 
Oxygen       .     . 

.       6-19 
.     37-17 
.     14-16 

100-000 
formula  :C,H,N3  0,. 

A.  Occurrence. — Creatinine  is  the  most  powerful  organic  base  met 
with  in  tbe  body ;  it  was  first  discovered  by  Liebig  in  the  crystal- 
line precipitate,  which  Heintz,  and  after  him,  Pettenkofer,  obtained 
by  the  action  of  a  solution  of  chloride  of  zinc  on  concentrated  urine. 
Liebig  found  creatine,  as  well  as  creatinine,  in  this  chloride  of  zinc 
compound,  and  was  consequently  led  to  the  conclusion  that  both 
these  bodies  exist  originally  in  the  urine.  Heintz,  however,  after- 
wards showed,  by  carefully-conducted  experiments,  that  fresh  urine 
does  not  contain  creatine.  He  found  that  the  creatine  is  formed 
through  the  decomposition  of  the  chloride  of  zinc  compound,  the 
creatinine  of  which  takes  up  water  and  is  converted  into  creatine. 
This  view  has  been  since  confirmed  by  Liebig  and  Dessaignes. 
Again,  creatine  is  readily  converted  into  creatinine  by  abstraction  of 
its  water,  and  therefore  the  creatine  which  is  always  found  in  the 
juice  of  fiesh,  may  be  converted  into  creatinine  by  the  loss  of  water 
either  in  the  flesh  itself  or  more  probably  in  the  blood,  and  thus  be 
eventually  discharged  with  the  urine  in  the  form  of  creatinine. 

Lehmann  considers,  rightly  enough,  that  further  investigation  is 
required  to  show  whether  the  creatine  of  muscle  is  invariably  con- 
verted into  creatinine,  and  thus  evacuated,  or  whether  it  may  not 
also  assist  in  the  formation  of  urea;  the  latter  view  is  in  some  degree 
favoured  by  its  ready  conversion  into  sarcosine  and  urea  when  boiled 
with  baryta-water.  Dessaignes,  on  the  other  hand,  is  of  opinion 
that  the  juice  of  muscle  originally  contains  creatinine  only,  like  the 
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urine ;  and  that  it  is  only  after  its  separation,  and  under  the  long- 
continued  action  of  heat,  that  the  greater  part  of  it  is  converted  into 
creatine  in  the  neutral  fluid.  But  this  view  I  cannot  accept.  By 
Stiideler's  new  method,  creatine  is  obtained  from  muscle  so  readily 
and  in  such  a  pure  state,  that  it  is  difficult  to  conceive  how,  in  so 
short  a  time,  the  greater  part  of  the  creatinine  can  be  converted  into 
creatine  by  the  taking  up  of  water. 

According  to  my  own  observations,  0*6  to  1*3  gramme  of  crea- 
tinine is  passed  by  a  healthy  man,  living  on  a  good  mixed  diet,  in 
an  average  quantity  of  from  1500  to  1600  C.  C.  of  urine,  during 
the  twenty-four  hours. 

Yerdeil  and  Marcet  found  creatinine  in  the  blood  as  well  as  in  the  urine 
of  man  and  the  juice  of  muscle ;  Socoloff  found  it  in  the  urine  of  horses 
and  of  sucking-calves  ;  Dessaignes,  in  the  urine  of  the  cow ;  Liebig,  in  that 
of  the  dog.     According  to  Soberer,  it  is  also  present  in  the  amniotic  fluid. 

B.  Microscopic  characters. — Creatinine  crystallises  in  the  form  of 
very  glistening,  colourless  prisms,  which  belong  to  the  monoclino- 
metric  system.     (Fiinke,  Flate  III.  Fig,  2.     2nd  Edit.  IV.  5.) 

c.  Chemical  characters, — Creatinine  forms  the  strongest  organic 
base  met  with  in  the  animal  kingdom.  Its  taste  is  almost  as  pun- 
gent as  that  of  ammonia.  It  is  soluble  in  eleven  parts  of  water,  at 
12*=*  to  20°  C.  (Fahr.  54°  to  68°),  and  in  a  much  less  quantity  of 
boiling  water.  100  parts  of  cold  alcohol  dissolve  about  one  part  of 
creatinine.  Boiling  alcohol  takes  up  a  larger  quantity,  which  is 
separated  again  in  crystalline  masses,  as  the  alcohol  cools.  Ether 
dissolves  only  a  very  small  quantity  of  it.  Its  solutions  have  a 
strongly  alkaline  reaction,  and  a  caustic  taste,  like  that  of  dilute 
ammonia. 

Creatinine  behaves  like  a  nitrile  base  ;  it  unites  directly  with  1  eq.  of 
iodide  of  ethyle,  and  so  passes  into  iodide  of  ethyle-creatinine,  from  which,  by 
treatment  with  oxide  of  silver  the  ethyle-creatinine  is  separated  as  a  powerful 
base,  and  may  be  obtained  in  a  crystalline  form. 

I.  A  concentrated  solution  of  chloride  of  zinc,  added  to  a  solu- 
tion of  creatinine,  immediately  throws  down  a  crystalline  precipitate. 
When  very  slowly  formed,  the  crystals  are  distinctly  prismatic ;  but 
when  quickly  produced,  and  as  seen  under  the  microscope,  flne 
needles  are  observed  concentrically  grouped  together,  forming  either 
perfect  rosettes,  or  tufts  which  cross  each  other,  or  of  which  each  two 

C2 
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are  connected  by  their  short  stalks,  so  as  to  resemble  brushes  pass- 
ing one  into  the  other. 

When  creatinine  is  separated  by  chloride  of  zinc  from  the  watery  extract 
of  urine,  the  compound  is  obtained  for  the  most  part  in  the  form  of  dark 
warty  masses,  which  show  very  little  of  a  crystalline  structure  even  under 
the  microscope.  Sometimes,  however,  distinct  crystalline  glands,  fine 
needles,  united  together  in  brush-like  and  stellate  masses  may  be  recognised. 
From  the  alcoholic  extract  of  urine,  precipitated  with  an  alcoholic  solution 
of  chloride  of  zinc,  the  creatinine-ehloride  of  zinc  compound  is  always 
obtained  in  the  form  of  a  pale,  yellowish  powder,  which,  under  the  micro- 
scope, is  found  to  consist  almost  wholly  of  yellowish,  transparent,  well- 
defined  globules  or  balls  of  different  sizes.  Upon  these  globules,  under  high 
magnifying  powers  (400  diameter),  distinctly-marked  strise  are  observed.  On 
dissolving  a  little  of  the  powder  in  boiling  water,  the  production  of  regular 
crystalline  forms  may  be  observed  under  the  microscope.  A  drop  of  the 
solution,  when  nearly  cold,  is  placed  upon  the  object-glass,  and  a  little  solu- 
tion of  chloride  of  zinc  added  to  it  by  means  of  a  thread,  and  in  the  manner 
above-described  under  the  head  of  Nitrate  of  Urea,  p.  14.  The  formation  of 
crystalline  glands,  already  described  as  characteristic  of  creatinine-ehloride 
of  zinc,  often  of  considerable  size,  is  soon  observed  on  both  sides  of  the 
thread. 

2.  A  moderately  concentrated  solution  of  creatinine,  mixed  with 
an  equally  concentrated  solution  of  nitrate  of  silver,  coagulates  into 
a  network  of  acicular  crystals,  which  are  soluble  in  boiling  water,  but 
separate  from  it  as  it  cools. 

3.  Corrosive  sublimate  throws  down  a  curd  -  like  precipitate, 
which  in  the  course  of  a  few  minutes  is  converted  into  a  confused 
mass  of  fine  colourless  crystals. 

4.  A  solution  of  protonitrate  of  mercury  does  not  at  once  produce 
a  precipitate  in  a  dilute  solution  of  creatinine ;  but  if  a  solution  of 
carbonate  of  soda  is  added  guttatim  until  it  becomes  permanently 
cloudy,  the  compound  (Cg  H^  N3  O^,  N  0^  +  2  Hg  O)  soon  ap- 
pears in  the  form  of  beautiful  microscopic  crystals.  The  precipitate 
is  readily  formed  in  concentrated  solutions;  and,  if  no  free  nitric 
acid  is  present,  without  the  addition  of  soda. 

5.  Ammonia  is  evolved  when  creatinine  is  heated  with  an  ammo- 
niacal  salt. 

6.  Creatinine  forms  with  hydrochloric,  nitric,  and  sulphuric  acids, 
compounds  which  are  soluble  in  water,  and  crystallise  readily  : — 

a.  Hydrochlorate  of  creatinine  crystallises  in  the  form  of  transpa- 
rent prisms  and  broad  plates.     With  bichloride  of  platinum  it  yields  a 
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compound  similar  to  that  with  potash  and  ammonia ;  but  this  com- 
pound is  very  soluble  and  crystallises  in  crimson  prisms. 

h.  Sulphate  of  creatinine  yields  concentrically  grouped,  trans- 
parent, square  tables. 

It  is  especially  to  be  noted  that  creatinine-chloride  of  zinc — the 
most  important  compound  of  creatinine — is  not  precipitated  from 
hydrochlorate  of  creatinine,  &c.,  on  the  addition  of  a  solution  of 
chloride  of  zinc.  The  separation,  however,  at  once  takes  place,  if, 
before  the  addition  of  the  chloride  of  zinc  solution,  a  sufficiency  of 
acetate  of  soda  is  mixed  with  the  creatinine-salt. 

7.  Under  the  action  of  protoxide  of  mercury,  peroxide  of  lead 
id  sulphuric  acid  or  permanganate  of  potash,  creatinine,  as  well  as 
reatine,  is  converted  into  oxalic  acid  and  oxalate  of  methyluramine 

(C,  H,  N3  O,  +  4  O  =  C,  H,  N3  +  C,  OJ. 

8.  Creatinine  is  produced  from  creatine  by  the  action  of  mineral 
)ids,  the  creatinine  losing  4  equivalents  of  water.  But  when  a  solu- 

^on  of  creatinine,  in  which  an  alkali  is  present,  is  allowed  to  stand  for 

)me  time,  the  creatinine  takes  up  water,  and  again  passes  into  the  form 

)f  creatine.    Heat  favours  this  transformation.    (Liebig,  Dessaignes.) 

D.  Tests. — As  urine  contains  only  a  small  quantity  of  creatinine,  a 
large  amount  of  the  fluid  is  required  for  its  successful  demonstration. 
In  most  cases,  however,  from  200  to  300  C.  C.  suffice  for  its  quali- 
tative analysis.  Presh  urine  is  neutralised  with  a  little  milk  of  lime, 
and  the  phosphoric  acid  then  thrown  down  by  a  solution  of  chloride 
of  calcium.  The  precipitate  is  separated  by  filtration,  and  the  filtered 
fluid  quickly  evaporated  to  dryness  in  a  water-bath.  The  residue 
thus  obtained  is  extracted  with  strong,  or,  best  of  all,  with  absolute 
alcohol,  allowed  to  stand  for  some  hours,  and  filtered;  the  clear 
fluid  is  then  treated  with  a  few  drops  of  a  concentrated  solution  of 
chloride  of  zinc  free  from  acid.  The  mixture,  after  being  well  shaken, 
soon  becomes  turbid,  and  the  separation  of  the  creatinine-chloride  of 
zinc  is  completely  effected  in  forty-eight  hours.  The  compound  is 
washed  on  a  filter  with  spirits  of  wine,  dried,  and  microscopically 
examined.     (See  C.  1.) 

To  obtain  the  creatinine  in  a  pure  state,  the  compound  is  dissolved 
in  a  small  quantity  of  boiling  water,  and  the  oxide  of  zinc  and  hydro- 
chloric acid  separated  by  boiling  the  fluid  for  at  least  a  quarter  of 
an  hour  with  freshly-precipitated  and  well-washed  hydrated  oxide  of 
lead.  The  filtered  liquid  is  rendered  colourless  by  boiling  with 
animal  charcoal,  and  evaporated  to  dryness.     The  residue,  which 
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always  consists  of  a  mixture  of  creatinine  and  creatine,  is  then  treated 
with  cold  strong  spirits  of  wine,  whereby  the  creatinine  is  dissolved 
and  the  creatine  left.  On  evaporation  of  this  spirituous  solution  we 
obtain  pure  crystals  of  creatinine;  the  creatine  may  also  be  readily 
obtained  in  a  pure  form  from  the  part  of  the  residue  which  was  in- 
soluble in  alcohol,  by  re-crystallisation,  out  of  a  httle  boiling  water. 
It  should  be  observed,  however,  that  when  a  very  dilute  solution  of 
creatinine-chloride  of  zinc  is  treated  with  oxide  of  lead,  creatine  alone, 
and  no  creatinine  whatever  is  found  in  the  residue.  The  creatinine, 
in  a  dilute  solution  and  under  long  exposure  to  heat,  passes  again 
into  the  state  of  creatine  by  taking  up  4  equivalents  of  water. 

Should  the  urine  operated  upon  contain  albumen,  the  albumen 
must  be  previously  separated  from  it  by  coagulation. 

Creatinine  is  distinctly  characterised  by  its  strong  basic  properties, 
by  its  readiness  to  form  double  compounds  with  metaUic  salts,  and 
salts  with  acids.  It  is,  moreover,  distinguished  from  creatine  by  its 
much  greater  solubility  in  alcohol,  and  by  the  form  of  its  crystals. 

The  characters  of  creatine  are  not  so  well  marked ;  we  have,  in  fact, 
no  other  more  certain  test  of  it,  than  what  we  obtain  through  a  com- 
parison of  it  with  pure  creatine,  its  crystalline  form,  &c. 


SECTION   V. 

Xanthine. 
Composition  : — 

In  100  parts :  Carbon     .     .     . 

.     39-5 

Hydrogen     .     . 
Nitrogen  .     .     . 
Oxygen    .     .     . 

.       2-6 

.     36-8 
.     21-1 

100-0 
Formula:  C,„H,N,0,. 

A.  Occurrence. — Xanthine,  until  recently,  was  only  known  as 
rare  constituent  of  certain  urinary  calculi.  Scherer  and  Stadeler 
have,  however,  now  shown  that  it  is  widely  distributed  throughout 
the  animal  economy.  Scherer  found  xanthine  in  the  human  urine, 
in  the  spleen,  the  pancreas,  and  the  brain;  in  ox's  liver,  the  thymus- 
gland  of  the  calf,  and  the  muscles  of  the  horse,  of  the  ox,  and  of 
fishes ;  he  also  found  it  in  an  enlarged  spleen  and  in  the  liver,  in  a 
case  of  yellow  atrophy  of  the  liver.     The  xanthine  was  generally 
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found  associated  with  hypoxanthine,  and  in  the  spleen,,  the  liver,  and 
the  brain,  with  uric  acid  also. 

B.  Microscopic  characters. — Xanthine  is  amorphous,  and  presents 
no  crystalline  form  under  the  microscope.  It  is  usually  deposited, 
from  its  boiling  watery  solution,  in  the  form  of  colourless  flakes, 
sometimes  also  as  a  fine  powder,  presenting  the  appearance  of  minute 
roundish  granules  under  the  microscope;  these  granules,  in  the 
flocculent  precipitate,  are  grouped  together,  and  in  the  powdery  pre- 
cipitate remain  separate. 

c.  Chemical  characters, — Xanthine  forms  hard  white  masses, 
which  assume  a  shining,  waxy  appearance  when  rubbed  with  the 
nail.  It  is  almost  insoluble  in  cold,  but  slightly  soluble  in  boiling 
water.     It  has  been  artificially  prepared  from  guanine. 

1.  Xanthine  is  soluble  in  ammonia,  potash-ley,  and  in  hydro- 
chloric, nitric,  and  sulphuric  acids.  Prom  the  alkaline  solutions  it 
is  precipitated  on  the  addition  of  an  acid ;  and  with  the  acids  it  forms 

I  crystalline  compounds. 
\  2.  A  cold,  saturated  aqueous  solution  of  xanthine,  treated  with  cor- 
bosive  sublimate,  yields  a  white  precipitate.  When  boiled  with 
acetate  of  copper,  yellowish-green  flakes  are  thrown  down.  Its 
ammoniacal  solution  is  precipitated  by  chloride  of  cadmium  and 
chloride  of  zinc,  as  well  as  by  acetate  of  lead.  This  last  precipitate, 
on  standing,  often  takes  the  form  of  shining  scales. 

3.  Nitrate  of  silver,  added  to  the  nitric  acid  solution  of  xanthine, 
occasions  a  flocculent  jjrecipitate,  which  is  dissolved  by  boiling,  and 
again  precipitated  as  the  solution  cools.  The  silver- compound,  when 
quickly  cooled,  shows,  under  the  microscope,  a  confused  mass  of  fine 
crystalUne  needles ;  when  slowly  cooled,  however,  it  yields  wavellite- 
like  aggregations  of  fine  crystals. 

Nitrate  of  silver,  added  to  an  ammoniacal  solution  of  xanthine, 
produces  a  gelatinous  precipitate,  which  is  insoluble  in  ammonia. 
C,oH,N,0,  4-2AgO. 

4.  Xanthine,  when  heated  with  nitric  acid,  is  dissolved  without 
evolution  of  gas.  The  solution  on  evaporation  yields  a  yellow 
residue,  which  is  not  rendered  purple  by  ammonia;  caustic  potash 
gives  to  the  residue  a  reddish-yeUow  colour,  which  becomes  a  beautiful 
violet-red  when  heated. 

5.  Xanthine  dissolved  in  hot,  strong  hydrochloric  acid,  yields,  if 
aEowed  to  cool  slowly,  beautiful  microscopic  crystals  of  hydrochlorate 
of  xanthine,  which  form  six-sided  plates,  lying  together  in  groups 
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and  glandular  masses.  Very  frequently,  however,  only  round  and 
egg-shaped  forms  are  met  with.  The  nitrate  has  a  similar,  though 
not  so  characteristic  a  form  of  crystallisation ;  and  here,  again,  w(^ 
observe  glands  of  rhombic  plates  and  prisms. 

D.  Tests.- — Presh,  healthy  urine,  in  quantity  not  less  than  from 
100  to  200  pounds,  is  evaporated  in  a  water-bath  to  from  one-sixth 
to  one-eighth  of  its  original  volume,  and  its  phosphoric  acid  re- 
moved by  precipitation  with  baryta- water.  The  filtrate  is  again  eva- 
porated until  the  salts  are  crystallised  out  of  it ;  the  mother-liquor 
thus  obtained  is  then  well  diluted  with  water,  a  solution  of  acetate  of 
copper  added,  and  boiled  for  some  time.  A  dirty-brownish  precipi- 
tate is  thus  obtained,  which  is  first  decanted  and  then  washed  on  the 
filter  with  cold  water  until  all  chlorine-reaction  has  disappeared.  By 
treating  this  precipitate  with  hot  nitric  acid,  we  obtain  a  brownish 
solution,  from  which  the  impure  xanthine- silver  compound  is  preci- 
pitated by  nitrate  of  silver.  The  crystalline  compound,  after  being 
washed,  is  dissolved  in  boiling  dilute  nitric  acid;  any  remaining 
flocculi  of  chloride  of  silver  removed  by  filtration,  and  the  filtrate  set 
aside  and  allowed  to  crystallise  slowly.  The  collected  crystalline 
silver-compound  is  freed  from  nitric  acid  by  digestion  with  an  am- 
moniacal  solution  of  silver ;  the  washed  precipitate  diffused  through 
water,  boiled,  and  the  compound  decomposed  by  sulphuretted  hydrogen. 
The  boiling  filtered  solution  deposits,  when  concentrated,  coloured 
flocculi  of  xanthine,  and  the  remainder  is  obtained  by  further  evapo- 
ration. The  preparation  thus  obtained  is,  however,  always  much 
discoloured;  but  by  solution  in  strong  hydrochloric  acid  and  treat- 
ment with  animal  charcoal,  the  purification  is  readily  effected. 
The  filtrate,  thus  freed  from  colour,  yields,  when  evaporated,  hydro- 
chlorate  of  xanthine,  from  which  pure  xanthine,  with  all  its  peculiar 
characters,  may  be  obtained  by  repeated  treatment  with  ammonia, 
and  by  subsequent  removal  of  the  chloride  of  ammonium  by  washing 
with  cold  water. 

The  quantity  obtained  is,  after  all,  very  small ;  from  600  pounds 
of  urine  I  collected,  after  previous  removal  of  the  creatinine,  very 
little  more  than  one  gramme  of  pure  xanthine. 


URIC  ACID. 

SECTION  vr. 

Uric  Acid. 

Composition : — 

In  100  parts 

Carbon 

.     35-714 

Hydrogen  . 

.       1-191 

Nitrogen    . 

.     .     33-333 

Oxygen 

.     19-048 

Water  .     . 

.     .     10-714 

25 


100-000 
Pormula :  Qo  H^  N,  0,  +  2  H  O. 

A.  Occurrence. — Uric  acid  is  present  in  the  urine  of  entire  classes  of 
animalsj  and  in  some  animals  of  a  very  low  class.  The  excrements 
of  birds  (guano),  of  snakes,  of  reptiles,  and  of  insects,  contain  much 
uric  acid.  It  has  also  been  found  in  the  blood,  especially  after 
extirpation  of  the  kidneys,  by  Strahl  and  Lieberkiihn,"^  and  more 
recently  by  Garrod.f  According  to  Garrod,  the  quantity  of  it  in 
the  blood  is  always  increased  in  cases  of  gout.  Moreover,  it  has 
been  found  in  the  spleen,  the  parenchyma  of  the  lungs  and  the 
liver  of  the  ox,  as  well  as  in  gouty  deposits. 

The  quantity  of  uric  acid  in  human  urine  depends  less  upon  the 
nature  of  the  food  than  upon  special  conditions  of  the  internal 
organs  of  the  body;  in  this  respect  it  differs  from  urea.  The 
quantity  of  uric  acid  excreted  in  twenty-four  hours  by  a  healthy  man, 
under  normal  circumstances  is,  according  to  Becquerel,  between 
0-495  and  0-557  gramme.  In  some  experiments  which  I  lately 
made  on  a  vigorous  young  man,  twenty-three  years  of  age,  0-827 
gramme  of  uric  acid  was  passed  in  twenty-four  hours,  with  36*4 
grammes  of  urea  in  2,000  C.  C.  of  urine.  Further  observations  have 
shown  me,  that  the  quantity  of  uric  acid  differs  much  at  different 
times,  and  may  vary  as  much  as  from  0-2  gramme  to  1  gramme 
in  the  twenty-four  hours.  According  to  Eanke,  the  relative  quantity 
of  the  uric  acid  to  the  urea  varies  from  as  1:50  to  1 :  80  in  the 
twenty-four  hours.  An  increase  of  uric  acid  in  the  urine  is  caused 
especially  by  derangement  of  the  digestion,  and  also  by  defective 
nutrition.     It   is,   likewise,    increased  in   all   febrile  conditions  of 

*  Strahl  und  Lieberkiilin.  Harnsaure  im  Blute,  etc.  Berlin,  1848. 
t  Dr.  Garrod  on  Gout,  &c. 
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the  body,  and  in  affections  of  the  lungs.  The  ready  decomposition 
of  uric  acid  by  oxidising  agents  seems  clearly  to  indicate,  that  its 
origin  in  the  body  has  a  close  connexion  with  the  respiratory  process. 
Many  facts  favour  this  idea.  Liebig,  when  he  discovered  cyanuric 
acid  in  the  urine  of  a  dog,  observed,  that  no  uric  acid  whatever  was 
present  in  it ;  but  Lehmann,  on  the  other  hand,  has  distinctly  de- 
monstrated its  presence  in  the  blood  of  a  dog.  Such  a  condition,  how- 
ever, undoubtedly  occurs  in  other  animals :  in  the  urine  of  the  pig 
and  of  the  monkey,  for  instance,  neither  Bossingault  nor  Bibra 
could  find  uric  acid. 

Much  smaller  quantities  of  uric  acid,  exist  in  the  urine  of  car- 
nivorous animals  than  in  human  urine;  Yauquelin,*  indeed,  found 
the  urine  of  a  lion,  entirely  free  from  uric  acid.  According  to 
Lehmann,  however,  when  this  animal  is  deprived  of  its  freedom,  and 
shut  up  for  a  long  time  in  a  cage,  uric  acid  appears  in  considerable 
quantity  in  its  urine, — as  happens  to  man  under  like  conditions, — 
and  is  separated  from  the  urine  as  an  acid  urate  of  soda.  Stadeler, 
moreover,  has  succeeded  in  demonstrating  the  presence  of  allantoine 
in  dog's  urine,  when  the  respiration  of  the  animal  was  impeded. 

Uric  acid,  when  introduced  into  the  healthy  body,  is  converted 
into  carbonic  acid  and  urea;  but  should  the  oxidising  processes  of 
the  body  be  in  any  way  retarded,  as  happens  during  sleep,  it  will 
also  produce  oxalic  acid.  Uric  acid  may  be  considered  as  a  twin 
excretion  with  urea ;  but  its  more  intimate  constitution  has  not  yet 
been  ascertained,  notwithstanding  that  very  great  labour  has  been 
bestowed  upon  the  subject.  A  series  of  highly  interesting  products 
of  its  decomposition  have,  however,  been  discovered.  This  much 
we  may  conclude,  from  the  chemical  characters  of  uric  acid,  viz., 
that  it  is,  like  creatine,  one  of  the  representatives  of  the  retrogres- 
sive metamorphoses  of  the  nitrogenous  constituents  of  the  body ; 
and  that  it  stands  higher  in  the  scale  than  urea,  being  itself,  by 
oxidation,  converted  into  carbonic  acid  and  urea.  That  it  under- 
goes, at  least  in  part,  similar  changes  in  the  animal  organism,  ap- 
pears almost  certain  from  the  demonstrated  fact  of  the  presence  of  uric 
acid  in  the  liver  and  spleen  of  herbivorous  animals,  in  whose  urine 
it  is  entirely  absent. 

B.  Preparation.  1.  From  human  urine > — Urine  freshly  voided 
in  the  morning,  is  filtered  and  mixed  with  hydrochloric  acid  (20  C.  C. 
to  1  litre  of  urine),   and  allowed  to  stand  for  forty-eight  hours. 

*  Schweiger's  Journ.  V.,  p.  175. 
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The  uric  acid  is,  in  this  manner,  separated  in  crystals,  more  or  less 
coloured,  and  fitted  for  microscopic  study. 

2.  From  the  excrements  of  serpents. — The  faeces  of  a  serpent  are 
boiled  with  a  solution,  containing  one  part  of  caustic  potash  in 
twenty  parts  of  water,  until  they  have  lost  their  ammoniacal  smell. 
Carbonic  acid  is  then  passed  through  the  filtered  solution,  until  it 
has  almost  entirely  lost  its  alkaline  reaction ;  acid  urate  of  potash  is 
thus  separated,  and  is  collected  and  washed  with  water.  After 
washing,  the  potash-salt  is  dissolved  in  a  solution  of  potash,  and 
then  filtered  into  dilute  hydrochloric  acid,  care  being  taken,  that 
there  be  an  excess  of  the  acid ;  the  precipitate  formed  is  pure  uric 
acid,  which,  after  washing  and  drying,  appears  as  a  fine,  light  powder. 

c.  Microscopical  characters,  —  Uric  acid  appears  under  the 
microscope  in  several  forms,  but  usually  as  smooth,  rhomboidal 
tables,  wliich  are  sometimes  coloured,  always  remarkably  trans- 
parent and  of  different,  sometimes  of  considerable  size.  These 
tables  often  undergo  modification  in  form;  thus,  spindle-shaped 
figures  result  from  the  rounding  off  of  their  obtuse  angles,  and, 
with  these,  short,  cask-shaped  cylinders  are  frequently  mingled. 

Hexagonal  plates,  rectangular  tables,  or  right  rectangular  four- 
sided  prisms,  with  horizontal  terminal  planes,  are  also  often  met 
with;  the  last  are  frequently  peculiarly  disposed,  being  grouped 
together  in  glandular-shaped  rosettes.  Besides  these,  there  are 
other  forms,  saw-like,  fan-shaped,  and  dentated  crystals,  &c. 
{^Tlate  1.  Figs.  %  and  ^  ;  Plate  11.  Fig.  4  ;  Plate  III.  Fig.  1.) 

I  have  obtained  many  different  forms  of  uric  acid  crystals,  by 
mixing  normal  urine  with  varying  quantities  of  hydrochloric  acid ; 
the  nature  of  these  crystals  is  readily  ascertained,  by  comparing 
them  with  the  crystalline  forms  given  by  Eunke.  Any  doubt 
existing  as  to  the  nature  of  particular  crystals,  may  be  readily  re- 
moved, by  converting  them  into  some  more  ordinary  form  of  uric 
acid.  The  crystals  are  dissolved  on  the  object-glass  of  the  micro- 
scope, in  a  little  caustic  potash ;  and,  on  the  addition  of  a  drop  of 
hydrochloric  acid,  crystals  of  the  more  ordinary  form,  table-,  or 
spindle-shaped,  soon  appear. 

D.  Chemical  characters. — Pure  uric  acid,  obtained  from  the  ex- 
crement of  serpents,  consists  of  white,  softish,  and  excessively  light, 
crystalline  scales,  which  present,  under  the  microscope,  the  forms 
above  described.  It  has  neither  taste  nor  smell;  is  very  slightly 
soluble  in  water,  one  part  of  uric  acid  requiring  14,000  to   15,000 
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parts  of  cold,  and  1,800  to  1,900  parts  of  boiling  water  for  its 
solution.  The  solution  does  not  redden  litmus.  It  is  very  little 
soluble  in  dilute  hydrochloric  acid,  and  quite  insoluble  in  alcohol 
and  ether.  It  is  readily  dissolved,  without  decomposition,  in 
concentrated  sulphuric  acid,  but  is  thrown  down  from  the  solution 
on  the  addition  of  water. 

1.  Uric  acid  is  readily  dissolved  in  a  solution  of  phosphate  of 
soda,  and  also  in  several  other  salts  of  the  alkalies.  It  takes  from 
these  salts,  and  combines  with,  a  part  of  their  base,  and  so  occasions 
the  formation  of  acid  salts.  It  is  in  this  way  that  acid  phosphate 
of  soda,  which  is  the  chief  cause  of  the  acid  reaction  of  the 
urine,  is  formed.  By  dissolving  uric  acid  in  a  warm  solution  of 
phosphate  of  soda,  it  is  easy  to  obtain  a  fluid,  having  a  similar 
acid  reaction  to  that  of  the  urine,  from  which,  on  concentration, 
urate  of  soda  is  deposited  in  crystals.  (For  the  separation  of  this 
last  salt  from  the  urine,  see  Sediments.) 

2.  Uric  acid,  heated  in  a  glass  tube,  is  decomposed  without  under- 
going previous  fusion.  It  is  converted  into  urea  and  cyanuric 
acid  (which  are  sublimed  in  the  form  of  a  ring),  hydrocyanic 
acid,  and  a  little  carbonate  of  ammonia,  whose  presence  is  easily 
recognised  by  its  smell.  Besides  these,  peculiar  oily  products 
appear,  and  a  porous  coal  containing  nitrogen  remains  as  a  residue. 

3.  Uric  acid  made  into  a  thickish  paste  with  water,  and  boiled 
with  peroxide  of  lead,  is  decomposed  into  four  bodies  :  carbonic 
acid,  allantoine,  urea,  and  oxalic  acid.  The  allantoine  (which 
exists  naturally  in  calves'  urine)  and  the  urea  may  be  readily 
recognised  by  their  mode  of  crystallisation ;  the  oxalic  acid  remains 
in  combination  with  the  oxide  of  lead,  and  the  carbonic  acid 
escapes  with  effervescence.  According  to  Pelouze,  a  small  quantity 
of  allanturic  acid  is  formed  at  the  same  time.  It  is  not  improbable 
that  the  urea  resulting  from  this  decomposition  is  a  product  of 
a  further  oxidation  of  the  allantoine,  and  the  carbonic  acid  of  the 
oxalic  acid,  so  that  the  simple  decomposition  of  uric  acid  by 
peroxide  of  lead  yields  only  allantoine  (Cg  Hg  ^4  Og)  and  oxalic  acid. 

C,oH,]Sr,Oe  +  0  +  2  HO  =  C3HgN,0,  +  0,03 
(Uric  acid.)  (Allantoine.) 

4.  When  one  part  of  uric  acid  is  gradually  mixed  with  four 
parts  of  concentrated  nitric  acid  (1*42  sp.  gr.),  the  uric  acid  is 
dissolved  with  efiPervescence,  and  the  whole  solution  at  last  con- 
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verted  into  a  crystalline  mass.  The  uric  acid  is  decomposed  into 
alloxan  and  urea.  The  uric  acid  is  separated  in  crystals^  but  the 
alloxan,  in  consequence  of  the  simultaneous  formation  of  nitrous 
acid,  is  immediately  decomposed  into  carbonic  acid  and  nitrogen, 
which  escape  with  effervescence. 

In  the  formation  of  alloxan  and  urea  from  uric  acid,  two  equivalents 
of  water  and  two  of  oxygen  are  added  to  the  uric  acid  : — 

C,„H,N,0,  +  20  +  2HO  =  C,H,N,03+C,H,N,0, 
(Uric  acid.)  (Alloxan.)  (Urea.) 

t  Alloxan,  when  further  treated   with  nitric   acid,  takes  up  two 
quivalents  of  oxygen,  and  is   converted  into  two  equivalents  of 
arbonic  acid,  and  one  equivalent  of  parabanic  acid  : — < 
C,H,N,0,+  20  =  C,H,N30,  +2C0, 
(Alloxan.)  (Parabanic  Acid.) 

Parabanic  acid  passes  into  oxaluric  acid  through  the  addition  of 
two  equivalents  of  water : — 

1  eq.  parabanic  acid  0^  H^  N^  0^  +  ^  H  0  =  1  eq.  oxaluric  acid 
Cg  H^  Ng  Og ;  the  oxaluric  acid,   again,  when  boiled  in  water,  is 
finally  decomposed  into  oxalic  acid  and  urea ; — 
1  eq.  oxaluric  acid  C^  H^  N^  Og    1  eq.  urea  C^  H^  N^  O^ 

2  eq.  oxalic  acid  C^  O^ 

Ce  H,  N,  O. 
On  comparing  these  various  formulae  together,  we  find  that 
one  equivalent  of  uric  acid  by  the  addition  of  four  equivalents  of 
water,  and  four  equivalents  of  oxygen,  are  at  last  decomposed  into 
two  equivalents  of  urea,  two  equivalents  of  carbonic  acid,  and  two 
equivalents  of  oxalic  acid,  passing  through  the  intermediate  forms 
of  alloxan,  parabanic  acid,  and  oxaluric  acid : 

1  eq.  uric  acid  C,„  H,  N,  O^     2  eq.  urea  C,  H^   N,  O, 

4  eq.  water    .         H^        0^     2  eq.  oxalic  acid      C^  Og 

4  eq.  oxygen  O^     2  eq.  carbonic  acid  C2  O^ 

If  the  oxalic  acid  be  further  oxidised  by  the  addition  of  two 
equivalents  of  oxygen,  there  wiU  remain  as  the  final  products  of  the 
decomposition  of  the  uric  acid:  carbonic  acid,  and  urea.  The 
complete  oxidation  of  the  uric  acid  may  be  thus  exemplified  : — 
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1  eq.  uric  acid  C,„  H,  N,  0,       2  eq.  urea     .     .     C,  H,  N,  O, 
4  eq.  water  H        O,       6  eq.  carbonic  acid  Cg  O,, 

6  eq.  oxygen    0^  C,„H,N,0., 

It  is  evident  from  this,  that  the  uric  acid  must,  in  the  normal 
condition  of  things,  undergo  decomposition  in  the  body ;  and  we 
find  that,  by  an  excess  of  permanganate  of  potash,  it  is  directly 
converted  into  carbonic  acid  and  urea ;  and  that  when  the  oxidation 
is  less  complete,  it  passes  into  the  form  of  allantoine,  carbonic  acid, 
oxalic  acid,  urea,  and  other  products."^ 

5.  By  the  action  of  reducing  agents,  such  as  sulphuretted  hydro- 
gen, hydrogen,  &c.,  upon  a  solution  of  alloxan,  crystals  of  a  new 
compound,  alloxantine,  are  precipitated  (Cg  H^  'N^  Oj  J .  Alloxantine 
is  much  less  soluble  than  alloxan ;  it  crystallises  in  oblique  four- 
sided  prisms,  and  becomes  red  under  the  action  of  ammoniacal 
vapour. 

Alloxan  and  alloxantine  are  the  source  from  whence  mu- 
rexide  proceeds — the  most  important  of  the  uric  acid  reactions. 
Thus,  when  a  solution  of  alloxan  and  alloxantine  are  mixed  with 
ammonia,  it  becomes  of  a  purple-red  colour,  and  after  a  time  deposits 
crystals  of  murexide  (Cjg  HgNg  0,2  -f-  N  Hg  purpurate  of  ammonia). 
Murexide  crystallises  in  four-sided  prisms,  having  a  greenish  cantha- 
rides-like  reflexion ;  when  pulverized  it  forms  a  brown  powder,  and 
dissolves  in  water  with  a  deep  purple  colour.  It  serves  on  all  occa- 
sions as  a  test  for  uric  acid. 

6.  Uric  acid,  when  treated  with  moderately  dilute  nitric  acid,  is  dis- 
solved, and  alloxantine  is  then  found  in  the  solution.  By  carefuUy 
evaporating  the  solution  almost  to  dryness,  and  by  the  further  addi- 
tion of  nitric  acid,  alloxan  will  be  formed  out  of  the  alloxantine.  If 
the  mixture  be  now  acted  upon  by  ammonia,  the  beautiful  colour  of 
murexide,  which  passes  into  a  purple-blue  on  the  addition  of  caustic 
potash,  is  obtained.  By  the  aid  of  this  test,  the  presence  of  the 
smallest  quantity  of  uric  acid  may  be  recognised.  If  the  residue  is 
treated  with  potash  or  soda,  instead  of  with  ammonia,  we  obtain 
a  beautiful  purplish-violet  solution,  the  colour  of  which  becomes 
gradually  paler  when  heated.  Before  the  fluid  is  wholly  evaporated, 
its  beautiful  colour  is  completely  lost.  (Distinction  from  Xanthine, 
p.  24.) 

*  Annal.  d.  Chem.  und  Pharm.     Bd.  99,  p.  206. 
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7.  Uric  acid  forms  salts  with  diifferent  bases,  all  of  which  are  more 
or  less  readily  soluble  in  water,  the  most  soluble  being  that  of  hthia. 
From  these  solutions  the  uric  acid  is  precipitated  in  a  crystalline 
form,  on  the  addition  of  hydrochloric,  acetic,  and  other  acids.  The 
precipitation  takes  place  immediately  in  concentrated  solutions ;  but 
in  dilute  solutions,  as  in  the  urine,  it  requires  from  twenty-four  to 
thirty-six  hours  for  its  completion.  The  crystals  are  readily  re- 
cognised under  the  microscope.  A  description  of  its  different  salts 
will  be  found  under  the  head  of  Sediments. 

8.  An  alkaline  solution  of  uric  acid  immediately  reduces  nitrate 
of  silver,  even  without  heat.  When  paper,  upon  which  a  drop 
of  nitrate  of  silver-solution  has  been  let  fall,  is  moistened  with 
a  solution  of  soda,  in  wliich  only  a  trace  of  uric  acid  is  dissolved,  a 
dark-brown  spot  is  immediately  produced,  though  not  more  than 
im  part  of  uric  acid  be  present.  A  much  less  quantity,  sosW  of  a 
gramme,  produces  in  the  course  of  a  few  seconds  a  visible  yellow 

I  reaction,  and  this,  too,  without  the  assistance  of  heat.  (Schiff.) 
L  9.  A  white  precipitate  of  urate  of  the  suboxide  of  copper  is  pro- 
iluced,  when  a  solution  of  uric  acid  in  potash  is  added  to  an  alkahne 
solution  of  copper.  On  heating  this  precipitate  to  boiling  with  an 
excess  of  the  copper-solution,  the  uric  acid  is  oxidised,  red  suboxide 
of  copper  is  separated,  whilst  the  products  of  oxidation  of  the  uric — 
viz.,  allantoine,  urea,  and  oxaHc  acid  remain  in  solution. 

E.  Tests. — I  shall  only  treat  here  of  the  method  of  finding  uric 
acid  in  the  urine.  There  are  two  methods,  either  of  which  may  be 
depended  upon,  by  which  uric  acid  may  be  separated  from  the  urine 
and  tested. 

1.  A  small  quantity  of  urine,  say  ten  to  fifteen  grammes,  is  eva- 
porated in  a  porcelain  basin  over  a  water-bath  to  a  syrupy  consistence 
— any  albumen  accidentally  present  in  it  having  been  previously 
removed  by  boiling,  with  the  addition  of  a  drop  of  acetic  acid,  and 
subsequent  filtration.  From  the  residue,  the  urea,  together  with 
the  extractive  matters  and  the  salts  soluble  in  alcohol,  are  removed 
by  frequent  washings  with  alcohol ;  the  uric  acid  with  the  insoluble 
salts,  and  a  little  mucus  being  left.  The  salts  are  next  extracted  by 
the  addition  of  a  small  quantity  of  dilute  hydrochloric  acid,  so  that 
at  last  the  uric  acid  alone  remains,  mixed  with  a  little  mucus.  For 
the  more  certain  detection  of  uric  acid,  the  following  tests  may  be 
resorted  to : — 

a.  A  small  portion  of  the  uric  acid  is  placed  on  a  watch-glass  with 
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a  few  drops  of  nitric  acid,  and  more  or  less  perfectly  dissolved 
by  a  gentle  heat.  The  solution  on  being  evaporated  in  a  water- 
bath  leaves  a  reddish  residue.  This  residue  when  moistened  with 
dilute  ammonia  (one  in  ten  parts  of  water),  instantly  produces  the 
purple-red  colour  of  murexide,  which  passes  into  a  beautiful  violet, 
on  the  addition  of  a  drop  of  caustic  potash  solution.  When  the 
quantity  of  uric  acid  is  very  small,  the  test  will  fail,  should  too 
much  ammonia  be  employed;  consequently,  it  is  better  to  blow 
the  vapour  of  ammonia  off  a  glass  rod  dipped  in  a  solution  of  am- 
monia on  to  the  residue.  By  this  means  the  test  will  show,  with 
certainty,  the  presence  of  even  mere  traces  of  uric  acid. 

h.  The  residue  is  dissolved  in  a  few  drops  of  potash  solution, 
which  leaves  the  mucus  undissolved;  and  from  this  solution  of 
urate  of  potash  the  uric  acid  is  separated  in  a  crystalline  form  on 
the  addition  of  hydrochloric  acid,  and  may  be  recognised  by  its 
microscopic  characters. 

2.  A  larger  quantity  of  urine  (100  to  150  grammes),  is  mixed 
in  a  glass  vessel,  with  6  to  8  grammes  of  hydrochloric  acid,  and 
allowed  to  stand  for  twenty-four  to  forty-eight  hours ;  at  the  end  of 
this  time  the  uric  acid  is  separated  in  the  form  of  coloured  crystals, 
which  partly  float  on  the  surface  of  the  fluid,  and  are  partly  deposit- 
ed on  the  sides  and  bottom  of  the  glass.  These  crystals  are  readily 
recognised  as  uric  acid,  both  by  the  aid  of  the  microscope,  and  also 
by  testing  them,  when  removed  by  filtration,  with  nitric  acid  and 
ammonia. 

3.  If  the  quantity  of  the  fluid  to  be  tested  for  uric  acid  is 
small,  4  to  8  grammes  of  it  are  poured  into  a  flat  watch-glass, 
6  to  12  drops  of  strong  acetic  acid  added,  and  a  few  linen  threads 
laid  in  it.  The  fluid  is  allowed  to  stand  eighteen  to  twenty- 
four  hours,  in  a  temperature  not  exceeding  16°  to  20°  C.  (61*^  to 
68®  Eahr.).  At  the  end  of  this  time,  the  uric^cid  is  deposited  on 
the  threads  in  the  form  of  crystals,  which  may  be  then  examined 
microscopically.  This  process  is  of  especial  service  in  testing  the 
serum  of  the  blood  of  gouty  subjects  for  uric  acid.     [Br,  Garrod.) 


HIFPUIUC  ACID. 

SECTION    VII. 

HippURic  Acid. 
Composition : — 

In  100  parts :  Carbon      .     . 

60-335 

Hydrogen 
Nitrogen  .     . 
Oxygen     .     . 
Water       .     . 

4-469 

7-821 

.     22-347 

.       5-028 

)rmula  :  C,^  H,  N  0,,  H  0. 

100-000 

33 


A.  Occurrence. — Hippuric  acid  is  met  with  chiefly  in  the  urine 
of  herbivorous  animals.  It  is  present  both  in  healthy  and  in  un- 
healthy human  urine,  and  Liebig  states,  that  he  has  found  it  under 
le  same  conditions  as  uric  acid;  it  rarely,  however,  appears  as  a 
jdiment.  The  later  experiments  of  Hallwachs,  however,  show  that 
le  normal  quantity  of  hippuric  acid  passed  during  the  twenty-four 
lours  is  greater  than  has  hitherto  been  supposed.  Hallwachs  ob- 
tained, from  the  twenty-four  hours'  urine  of  different  persons,  about 
1  gramme  of  hippuric  acid,  and  this,  too,  when  animal  food  was 
taken  in  excess.  Its  quantity  is  increased  under  the  influence  of  a 
purely  vegetable  diet,  and  in  some  diseased  conditions  particularly 
in  the  acid  urine  of  fever,  and  in  diabetes.  The  hippuric  acid,  in 
urine  of  this  kind  when  somewhat  stale,  is  readily  converted  into 
benzoic  acid.  Benzoic  acid  passes  off  with  the  watery  vapour  on 
evaporation  of  the  urine, — a  fact  which  may  explain  why  its  presence 
in  urine  has  been  so  long  overlooked.  Conversely,  benzoic  acid 
passes  readily  into  hippuric  acid.  Hippuric  acid,  for  example,  is  easily 
obtained  from  the  morning  urine  of  a  person  who  has  taken  benzoic 
acid  on  the  preceding  evening.  I  have  in  this  way  obtained  from  6 
to  8  grammes  of  hippuric  acid.  The  benzoic  acid,  even  when  taken  in 
large  quantity  (2  to  3  grammes),  exercises  no  disturbing  influence 
during  its  passage  through  the  body.  The  urine  often  appears 
cloudy,  although  there  is  no  increase  of  its  free  acid,  as  Lehmann 
supposed,  and  yields,  after  slight  evaporation,  and  upon  the  addition 
of  hydrochloric  acid,  crystals  of  hippuric  acid. 

Several  other  bodies,  such  as  Peruvian  balsam,  also  produce 
hippuric  acid  in  their  passage  through  the  body.  Succinic  acid, 
however,  according  to  Hallwachs,  does  not  produce  any  increase  of 
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tlie  liippuric  acid,  when  taken  internally,  as  was  asserted  by  Kiihne ; 
it  could  not,  in  fact,  be  discovered  either  in  the  urine  or  in  the  faeces^ 
and  consequently  appears  to  have  undergone  complete  decomposition 
in  the  body.  Yerdeil  and  Dollfus  found  hippuric  acid  in  the 
blood  of  oxen,  as  well  as  in  their  urine,  and  Hervier  has  also  found 
it  in  diseased  human  blood. 

Sclilossberger  has  demonstrated  the  presence  of  hippuric  acid 
in  the  scales  of  the  skin  in  ichthyosis. 

Hippuric  acid  is  probably  the  product  of  the  decomposition  of 
the  nitrogenous  constituents  of  the  body ;  for,  as  indeed  may  bo 
gathered  from  its  constitution  [Chemical  Characters  3  and  8),  there 
are  always  indications  of  the  presence  of  a  benzoyl-compound  in  it ; 
and  Guckelberger  has  artificially  prepared  benzoic  acid  and  benzo- 
nitrile,  by  the  action  of  nitric  acid  on  proteine-bodies.  Why  then 
may  not  the  nitrogenous  compounds  undergo  like  decompositions 
within  the  body,  and  the  products  be  afterwards  separated  with 
the  urine,  in  the  form  of  hippuric  acid  ?  Such  an  idea  receive- 
strong  support  from  the  well-conducted  researches  of  Hallwachs. 
He  did  not,  in  fact,  discover  benzoic  acid,  or  any  benzoyl-com- 
pound in  the  ordinary  food  of  the  cow ;  so  that  the  benzoyl-radical 
of  hippuric  acid  could  not  possibly  be  derived  directly  from  the  food 
ingested.  Hippuric  acid  is  undoubtedly  an  excretion;  but  of  its 
origin,  we  cannot  speak  with  certainty. 

B.  Microscopic  characters. — A  boiling  saturated  solution  of  hip- 
puric acid  allowed  to  cool  rapidly,  when  observed  under  the  micro- 
scope, throws  down  a  precipitate  of  fine  needles  and  scales.  But 
regular,  well-formed  crystals,  are  separated  from  a  cold  saturated 
solution  on  evaporation ;  these  crystals  are  milk-white,  semitrans- 
parent  four-sided  prisms  and  columns,  terminating  in  two  or  four 
planes ;  their  elementary  form  is  invariably  a  right  rhombic  prism. 
[Plate  I.  Fig.  1.)  A  few  of  the  crystals  are  occasionally  seen  to  re- 
semble the  crystals  of  ammonio-phosphate  of  magnesia,  from  which, 
however,  hippuric  acid  is  readily  distinguished  by  its  chemical 
characters. 

c.  Preparation. — The  fresh  urine  of  the  horse  or  cow  (5  to  6 
litres)  is  boiled  for  a  few  minutes  with  an  excess  of  milk  of  lime,  and 
fdtered;  the  clear  solution  of  hippnrate  of  lime  is  then  rapidly 
evaporated  to  one-eighth  or  one-tenth  of  its  original  volume,  and 
treated  with  hydrochloric  acid.  In  the  course  of  twenty-four  hours 
the  hippuric  acid  is  crystallised.     It  is  then  purified  by  a  second 
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admixture  with  milk  of  lime,  and  the  filtered  solution,  after  the 
addition  of  hydrochloric  acid,  left  to  crystallise.  If  the  crystals  are 
still  impure,  they  may  be  once  again  dissolved  in  water,  and 
mixed  with  well-burnt  animal  charcoal ;  and  on  the  cooling  of  the 
solution,  will  be  separated  in  long,  colourless,  semitransparent 
crystals.  A  second  deposition  of  crystals  may  be  obtained  by  eva- 
poration of  the  mother-liquid. 

Loewe  treats  fresh  urine  with  sulphate  of  zinc,  and  evaporates  it 

[together  with  the  resulting  precipitate  to  one-sixth  of  its  volume, 
liters  it  quickly,  and  separates  the  hippuric  acid  from  the  liltrate 
)y  means  of  hydrochloric  acid.     The  hippuric  acid  must  be  purified 

[by  a  second  crystallisation.     This  metliod  yields  a  very  pure  pre- 

^paration. 

Gossman  gives  us  a  good  method  for  purifying  coloured  hippuric  acid. 
[The  crystals  are  dissolved  in  a  sufficiency  of  dilute  soda-ley,  and  a  solution 
jOf  permanganate  of  potash  then  dropped  into  the  solution,  when  heated  to 
fboiling,  until,  on  testing  a  little  of  the  filtered  fluid,  a  pure  white  precipitate 
is  obtained  on  the  addition  of  hydrochloric  acid.  The  whole  filtrate  is  then 
treated  while  hot  with  a  slight  excess  of  hydrochloric  acid,  and  allowed  to 
crystallise. 

D.  Chemical  characters.  -—  Hippuric  acid  has  a  weak,  bitterish 
taste,  but  no  smell;  400  parts  of  cold  water  are  required  for  its 
solution ;  but  it  is  much  more  soluble  in  boiling  water.  Alcohol 
readily  dissolves  it ;  ether  also  dissolves  it,  but  not  so  readily.  Its 
solutions  redden  litmus  strong-lv. 

2.  Hippuric  acid  heated  in  a  test-tube,  after  the  manner  men- 
tioned in  speaking  of  urea,  fuses  into  an  oily  liquid,  which,  on 
cooling,  hardens  into  a  milk-white  crystalline  mass.  When  strongly 
heated  it  decomposes,  a  sublimate  of  benzoic  acid  and  of  benzoate 
of  ammonia  being  formed ;  at  the  same  time  a  few  red,  oily  drops 
appear,  which  have  a  peculiar  smell  like  that  of  fresh  hay,  become 
solid  on  cooling,  and  are  soluble  in  alcohol  and  ammonia,  but  not 
in  water.  Subjected  to  a  stronger  heat,  it  gives  off  an  intense 
odour,  like  that  of  hydrocyanic  acid,  leaving  a  porous,  coaly  mass, 
which  is  perfectly  combustible.  By  these  peculiar  characters,  hippu- 
ric acid  may  be  readily  recognised  and  distinguished  from  uric  acid 
and  benzoic  acid,  with  which  last  acid  especially  it  has  many  points  of 
resemblance.  In  the  dry  distillation,  if  the  heat  is  not  allowed  to 
exceed  25 O'^  C.  (482^  Fahr.),  the  hippuric  acid  gives  off"  benzoic 

d2 
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acid,  slightly  reddened  by  the  presence  of  some  foreign  body,  traces 
of  hydrocyanic  acid,  and  of  a  liquid  compound,  benzo-nitrile 
{C^^  H^  N),  having  an  odour  very  similar  to  that  of  bitter  almonds. 

3.  Hippuric  acid  is  unaltered  by  dilute  mineral  acids;  but  it 
is  decomposed  when  heated  with  concentrated  hydrochloric,  sulphu- 
ric, or  nitric  acid.  Crystals  of  benzoic  acid  are  separated  from 
the  mixture  as  it  cools;  and  a  peculiar  compound,  glycocoll 
C^  H^  N  0^  (glycine  or  glycocine),  having  in  its  free  state  a  slightly 
acid  reaction,  remains  in  solution,  in  union  with  the  mineral  acid : — 

C„  H,  NO,  +  2H0  =  C,.  H,  O,  +  C,  H,  NO, 
(hippuric  acid)  (benzoic  acid)    (glycocine). 

Glycocoll  may  be  artificially  prepared  by  the  action  of  ammonia  on 
chlo-racetic  acid,   so  that  it  may  be   considered  as  an  amide  of  acetic 

acid.     C4  j  -pjrVr   O4.     Through  iiie  action  of  glycocol-oxide  of  zinc  (amide 

of  acetate  of  zinc)  on  chloro-benzoyl,  Dessaignes,  in  fact,  reproduced  hippuric 
acid,  this  last  being  recognised  in  the  form  of  benzoic  acid,  to  which  one 
atom  of  hydrogen  is  added,  through  the  radicle  of  the  amide  of  acetic  acid, 

that  is,  of  the  glycocoll,      ^i*)  n^  (  B.  0    * 
Similar  relations  are  presented  to  us  by  gallic  acid. 

4.  Hippuric  acid  mixed  with  putrescent  or  fermenting  matters 
»s  mostly  converted  into  benzoic  acid.  This  is  the  reason  why  ex- 
perimenters often  fail  to  find  it  in  stale  urine ;  the  benzoic  acid,  thus 
formed,  readily  passing  off  with  the  watery  vapour,  whenever  the  urine 
is  evaporated  after  the  addition  of  a  little  hydrochloric  acid. 

5.  When  hippuric  acid  is  dissolved  in  nitrous  acid,  or  when 
nitric  oxide  is  passed  through  a  solution  of  it  in  nitric  acid,  a  non- 
nitrogenous  acid,  benzo-gly collie  acid  (Cjg  Hg  Og)  is  formed,  and 
nitrogen  given  ofi^: — 

{C„  H,  NO,  +  N0,  =  C,.  H.  O.  +  2  N  +  HO). 

A  similar  decomposition  occurs,  when  hippuric  acid  is  dissolved  in 
an  excess  of  dilute  potash-ley,  and  chlorine  passed  through  the  cold 
solution  as  long  as  any  nitrogen  is  given  off. 

G.  Hippuric  acid  forms  crystallisable  salts  with  bases;  and  may 
be  separated  from  their  solutions  (when  concentrated)  in  the  form 
of  long  needles,  by  the  addition  of  hydrochloric  acid. 

7.  The  intensely  bitter  almond-like  smell  of  nitro-benzine  is  pro- 
duced when  hippuric  acid,  subjected  to  the  action  of  strong  boiling 
nitric  acid,  is  evaporated  to  dryness,  and  the  residue  heated  in  a  glass- 
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tube.  Benzoic  acid  gives  a  similar  result.  Cinnamic  acid  is  dis- 
tinguished bj  the  characteristic  odour  of  cinnamon.  As  mere  traces 
of  nitro-benzine  yield  a  strong  and  somewhat  lasting  smell,  this  test 
may  be  used  for  ascertaining  the  presence  of  even  very  small  quan- 
tities of  hippuric  acid.  (Liicke.) 

No  reaction  of  this  kind  is  given  by  albumen,  gelatine,  uric  acid,  sugar  of 
urine,  saHcine,  salicyluric  acid,  eholoidinic  acid,  anisic  acid,  pyrogallic  acid, 
picric  acid,  naphthaline,  phthalic  acid,  indigo,  and  isatine. 

E.  Tests. — Hippuric  acid  can  only  be  recognised  in  its  pure  form  ; 
for  it  is  only  then  that  it  exhibits  characteristic  marks.  Benzoic  acid 
is  the  only  body  with  which  it  can  be  confounded,  and  from  this 
acid  it  may  be  readily  distinguished  by  the  following  tests :  — 

1.  Hippuric  acid  crystallises  under  the  microscope  in  the  forms 
above  mentioned;  benzoic  acid,  on  the  other  hand,  crystallises 
in  scales,  small  columns,  or  six-sided  needles,  whose  primary  form  is 
a  right  rhombic  prism.    (Funke,  Plate  I.  Fig.  6.) 

2.  Dry  hippuric  acid,  when  heated,  undergoes  characteristic  decom- 
positions (see  2) ;  but  benzoic  acid  passes  off  undecomposed,  in  the 
form  of  a  thick,  white,  pungent  vapour. 

3.  Hippuric  acid  contains  nitrogen;  benzoic  acid  does  not.  In 
order  to  distinguish  it,  a  small  quantity  of  hippuric  acid  is  heated 
with  soda-lime — a  mixture  of  caustic  soda  and  caustic  lime — 
in  a  narrow  glass  tube ;  thereupon,  ammonia  is  soon  given  off,  and 
may  be  recognised  either  by  its  smell,  or  by  its  property  of  blackening 
paper,  moistened  with  a  solution  of  subnitrate  of  mercury. 

Uric  acid  is  readily  distinguished  from  hippuric  acid  by  the  form 
of  its  crystals,  by  its  reactions  with  nitric  acid  and  ammonia,  as 
well  as  by  its  insolubility  in  alcohol  and  ether,  in  which  hippuric 
acid  is  soluble. 

Hippuric  acid  may  be  obtained  from  the  urine  by  the  two  fol- 
lowing methods ;  but  the  urine  must,  in  both  cases,  be  perfectly  fresh. 
(See  D.  4.) 

1.  From  800  to  1000  C.  C.  of  urine  are  evaporated  nearly  to 
dryness  in  a  water-bath,  the  residue  triturated  with  powdered  sulphate 
of  baryta,  acidulated  with  hydrochloric  acid,  and  completely  extracted 
with  alcohol.  After  neutralising  this  alcoholic  extract  with  soda-ley, 
the  greater  part  of  the  alcohol  is  distilled  off,  and  the  remaining 
syrupy  fluid,  after  the  addition  of  oxalic  acid,  being  kept  stirred,  is 
dried  in  a  water-bath.  The  dried  mass  is  next  exhausted  by  a  large 
quantity  of  ether,  to  which  a  little  alcohol  has  been  added,  and  the 
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ethereal  solution  evaporated  by  distillation  almost  to  dryness.  The 
crystalline  residue  is  then  heated  with  milk  of  lime,  in  order  to  remove 
the  oxalic  acid,  filtered,  the  filtrate  evaporated  to  a  very  small  volume, 
and  slightly  acidulated  with  hydrochloric  acid.  Crystals  of  hippuric 
will  now  form  in  it  in  the  course  of  a  short  time ;  and  may  then  be 
tested  chemically  and  microscopically.  Exceedingly  small  quantities 
of  hippuric  acid  may  be  distinguished  by  the  nitrobenzine  reaction. 
(See  Chemical  characters ^  7.) 

If  the  urine  contains  much  hippuric  acid,  as  it  does  after  a  dose 
of  benzoic  acid  has  been  taken,  crystals  of  hippuric  acid  may  usually 
be  obtained,  by  the  simple  addition  of  a  little  hydrochloric  acid  to 
the  urine  evaporated  to  the  consistence  of  syrup.  These  crystals 
may  be  readily  separated  by  alcohol  from  the  uric  acid,  which  is  also 
tlirown  down. 

2.  The  second  method  is  Liebig^'s  {Annalen  der  Cheynie  u. 
Pharm.  1844).  The  urine  with  a  few  drops  of  hydrochloric  acid 
added  to  it,  is  evaporated  to  a  syrup,  and  shaken  witli  an  equal 
volume  of  ether.  If,  as  often  happens,  tbe  ether,  on  separating,  is 
not  clear,  one-twentieth  of  its  volume  of  alcohol  is  added  to  the 
mixture,  after  it  has  stood  for  an  hour.  The  layer  of  ether, 
containing  the  hippuric  acid  and  some  traces  of  urea,  is  re- 
moved with  a  pipette,  and  shaken  up  with  small  quantities  of 
water;  in  this  way  the  alcohol  and  urea  are  removed,  the  hip- 
puric acid  remaining  in  solution  in  the  ether,  from  which  it  may  be 
obtained  by  evaporation  in  a  crystalline  form.  The  crystals,  if 
necessary,  may  be  obtained  perfectly  colourless,  by  boiling  with 
animal  charcoal.  In  this  operation,  however,  a  considerable  quantity 
of  the  hippuric  acid  is  lost.  Of  these  two  methods  of  testing  uric 
acid,  I  give  a  decided  preference  to  the  first. 


SECTION    VIII. 

Phenylic  Acid  [carbolic  acid,  or pheni/ 1- alcohol). 

Composition : — 

In  100  parts:  Carbon   ....  76-93 

Hydrogen    .     .     .  6 '40 

Oxygen  ....  16-67 

i'ormula :  C,,  H^  O,  H  0.  lOO'OO 
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A.  Occurrence. — Phenylic  acid  was  discovered  by  Woliler  in  casto- 
reum,  and  afterwards  by  Stiideler  (together  with  taurylic,  damolic,  and 
damaluric  acids),  as  a  constant  constituent  of  the  urine  of  cows,  horses, 
and  man.  This  acid  has  poisonous  qualities,  and  is  obtained  from 
human  urine  in  very  small  quantities  only,  so  that  it  is  at  present 
doubtful  whether  it  really  exists  ready-formed  in  the  urine,  or  whether 
it  is  formed  during  the  process  required  for  its  preparation.  These 
acids,  or  the  matters  at  least  out  of  which  they  are  formed,  appear 
to  be  the  cause  of  the  odour  of  the  urine.  Stiideler  considers  that 
they  all  pre-exist  in  the  urine,  and  that  they  are,  therefore, 
products  of  the  metamorphic  processes.  Phenylic  acid  is  also  found 
in  coal-tar ;  it  is  formed  during  the  dry  distillation  of  salicine  with 
lime,  as  well  as  in  the  decomposition  of  many  organic  bodies  at  a 
.  red  heat,  &c.  Schlieper  obtained  traces  of  it  from  the  products  of 
the  oxidation  of  gelatine. 

c.  Chemical  characters. — Anhydrous  phenylic  acid  crystallises  in 
long  colourless  needles,  which  melt  at  35®  C.  (95®  Eahr.),  and  boil 
at  188®  C.  (370®  Pahr.).  It  has  a  smoky  smell,  is  corrosive,  and 
poisonous.  It  is  scarcely  soluble  in  water,  but  readily  dissolves  in 
alcohol  and  ether.  Its  solution  coagulates  albumen,  and  is  strongly 
antiseptic. 

1.  The  following  compounds  are  formed  by  the  action  of  nitric 
acid  on  phenylic  acid :  first  of  all  nitro-,  then  dinitro-phenylic  acid, 
and  lastly,  trinitro-phenylic  acid  (Cj^  H^  [3  N O^]  O  +  H  O),  usually 
known  by  the  name  of  'picyric  acid,^  or  ^Welter's  bitter,'  and 
which  may  be  also  formed  by  the  action  of  nitric  acid  on  indigo, 
salicine,  &c. 

2.  Phenylic  acid,  acted  on  by  chlorine,  produces  di-  and  trichloro- 
phenylic  acids,  two  and  three  equivalents  of  the  hydrogen  of  the 
phenylic  acid  being  replaced  by  the  chlorine.  (C,2  H3  CI  0  +  H  0, 
and  C„  H,  CI3  O  +  H  O.) 

3.  Per-salts  of  iron  produce  a  violet-colour  in  a  solution  of 
l)henylic  acid,  which  takes  a  bluish  shade,  and,  after  a  time,  turns 
to  a  dirty- white  cloudiness. 

4.  Nitrates  of  silver  and  mercury  are  reduced  by  phenylic  acid. 

5.  A  chip  of  deal,  soaked  in  a  watery  solution  of  phenylic  acid, 
and  dipped  in  dilute  hydrochloric  acid,  becomes  of  a  deep-blue 
colour  when  exposed  for  a  few  moments  to  the  sun's  rays.  The 
colour  firmly  resists  the  action  of  chlorine ;  under  its  influence  the 
blue  takes  a  lighter  shade,  but  soon  regains  its  depth,  when  the  slip 
of  wood  is  re-dipped  in  dilute  hydrochloric  acid. 
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6.  Phenylic  acid  forms,  with  sulphuric  acid,  sulpho-phenic  acid, 
which  will  remain  fluid  during  months. 

7.  With  caustic  potash  solution  it  hardens  into  a  crystalline 
mass. 

8.  Benzonitrile,  Cj^  H^  N  (see  Hippuric  Acid,  which  is  one  of 
the  products  of  the  decomposition  of  hippuric  acid,  may  be  regarded 

V    H 

as  a  phenylcyanide   p^^  -^',   the  phenyl   group   is,    indeed,   in   all 

respects,  very  closely  related  to  the  benzoyl  and  salicyl  compounds. 
Phenylic  acid  is  also  formed  'during  the  dry  distillation  of  most  of 
the  salicylic  salts,  as  well  as  of  benzoate  of  copper — a  fact  worthy 
of  note  in  reference  to  its  formation  in  the  urine. 

Stadeler  has  also  discovered  a  series  of  other  acids  closely  resem- 
bling phenylic  acid.     They  are  : — 

1.  Taurylic  acid,  C,^  Hg  0^  (?),  which  is  isomeric  with  anisole. 
It  is  distinguished  from  phenylic  acid  by  its  higher  boiling-point, 
and  also  by  its  forming  a  fixed  compound  with  concentrated 
sulphuric  acid,  which  separates  at  first  as  a  fine  white  detritus,  and 
then  gradually  accumulates  into  roundish  masses. 

2.  Bamaluric  acid. — Composition  ; — 

In  100  parts  :  Carbon    .         .         .         65*62 
Hydrogen         .         .  9'38 

Oxygen  .         .         .         25-00 


100-00 
Formula:  C,,  H„  0^  -f  H  O. 

Damaluric  acid  is  an  oily  fluid,  having  an  odour  of  valerianic 
acid :  it  is  heavier  than,  and  slightly  soluble  in,  water,  and  gives 
it  a  strongly  acid  reaction. 

It  forms  very  characteristic  salts  with  bases.  The  baryta-salt 
crystallises  in  united  tufted  prisms,  which  are  soluble  in  water,  and 
form  an  alkaline  solution.  The  salt  is  infusible,  but  after  exposure 
to  a  red  heat,  yields  carbonate  of  baryta  in  the  form  of  the  original 
salt;  it  contains  39'18  per  cent,  of  baryta. 

With  silver  it  forms  a  white  powder,  which  is  not  affected  by  the 
action  of  light;  this  salt  contains  49*36  per  cent,  of  oxide  of  silver. 

Acetate  of  lead  yields,  with  a  solution  of  damaluric  acid,  a  white 
precipitate,  which  appears  under  the  microscope  as  fine  prisms 
clustered  together  in  roundish  masses. 

3.  Damolic  acid  is  the  least  known  of  these  compounds.     It  is 
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oily,  and  heavier  than  water,  and  only  slightly  soluble  in  it.  It 
forms  with  baryta  a  crystallisable  and  fusible  salt,  containing 
27*50  per  cent,  of  baryta.  The  damolic  acid-salt  crystallises  the 
first  out  of  a  solution  of  damalurate  and  damolate  of  baryta. 

Mode  of  ohtaining  and  separating  these  four  acids  : — 

1.  The  separation  of  them  all  together  from  the  urine. 
Presh  cow's  urine  (80  lbs.)  is  mixed  with  hydrate  of  lime,  boiled, 

ihen  decanted  off  from  the  superfluous  lime,  and  evaporated  to  one- 
jighth  of  its  original  quantity;  hydrochloric  acid  is  added  to  the 
[filtered  solution,  and  after  standing  twenty-four  hours,  the  mother- 
iliquor  is  decanted  from  the  precipitated  hippuric  acid  and  distilled. 
By  repeated  rectification  of  the  milky  fluid  obtained  by  the  first 
(distillation,  an  oil-like,  lightish-yellow  liquid  is  obtained,  the  greatest 
part  of  which  sinks  to  the  bottom  of  the  water  which  passed  over 
[with  it.  The  presence  of  phenylic  acid  in  this  oil  may  be  readily 
Uhown  by  its  reaction  with  perchloride  of  iron,  as  well  as  by  the 
[blue  colour  it  produces  on  a  slip  of  fir-wood.  The  quantity  of  it  in 
mman  urine  is  very  small."^ 

2.  Separation  of  the  acids  singly  : — 

The  oil,  together  with  the  water  obtained  by  the  process  just 
described,  is  mixed  with  an  excess  of  hydrate  of  potash  (the  quan- 
tity used  being  weighed),  and  then  subjected  to  distillation.  A 
nitrogenous,  powerfully  smelling  oil,  whose  nature  has  not  been 
closely  investigated,  passes  over  with  the  distillate.  As  much  sul- 
phuric acid  is  added  to  the  residue  in  the  retort  as  is  sufficient  to 
neutralize  five-sixths  of  the  potash  employed.  The  fluid  resulting 
is  then  distilled,  so  long  as  a  precipitate  is  formed  in  the  distillate  on 
the  addition  of  acetate  of  lead.  By  repeated  distillation  of  this  pro- 
duct over  common  salt,  the  greater  part  of  the  acids  are  at  last 
obtained  in  an  oily  form — a  very  small  portion  of  them  remaining  in 
the  watery  solution,  and  giving  it  a  strongly  acid  reaction.  To 
separate  these  acid  compounds,  the  distillate  is  saturated  with  car- 
bonate of  soda,  and  frequently  shaken  during  the  following  twelve 
hours;  the  oily  layer  is  then  separated  from  the  soda-salts  by 
ether. 

a.  Acids,  which  are  not  retained  by  the  carbonate  of  soda  : — 
Prom  the  ethereal  solution  obtained,  as  thus  described  (2.),  the 
ether  is  removed  by  distillation,  and  the  residue  again  mixed  with 
*  Annul,  der  Chemie  u.  Pharm.,  vol.,  xcvii.,  p.  134. 
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strong  potasli-ley,  and  subjected  to  distillation.  The  potash-con- 
pound  which  remains  behind  is  decomposed  with  bicarbonate  of 
potash^  and  the  product  of  the  distillation  entirely  deprived  of  its 
water  by  chloride  of  calcium.  By  fractional  distillation  the  greatest 
part  passes  over  at  180'^  to  195^  C.  (354^  to  383^  Pahr.),  and 
consists  of  phenylic  and  taurylic  acids,  which  again  by  repeated 
fractional  distillation  can  be  partially  separated.  The  acids  differ 
chiefly  in  this,  that  taurylic  acid  boils  at  a  higher  temperature  than 
phenylic  acid ;  and  that  with  concentrated  sulphuric  acid,  taurylic 
acid  forms  a  solid,  and  phenylic  acid,  a  permanently  fluid  compound. 

h.  Acids  which  are  retained  by  the  carbonate  of  soda : — 

The  solution  of  the  salts  of  soda,  which  has  been  freed  of  its  phenylic 
and  taurylic  acids  by  ether,  is  evaporated,  decomposed  by  sulphuric 
acid,  and  distilled.  The  distillate,  which  has  an  odour  of  butyric 
acid  and  separates  into  an  oily  and  a  watery  layer,  is  boiled  with  an 
excess  of  carbonate  of  baryta,  and  then  left  to  crystallise.  By 
fractional  crystallisation  various  salts  of  baryta,  containing  different 
(juantities  of  baryta  (27  to  41  per  cent.),  are  formed.  The  chief  con- 
stituent is  the  acid,  whose  salt  contains  rather  more  than  39  per  cent, 
of  baryta  (third,  fourth,  and  fifth  crystallisation).  This  acid  is  the 
damaluric  acid  Ch  H,j  O3  +  H  0  (see  JDamalicric  acid).  The  next 
acid,  whose  salt  contains  27*4  per  cent,  of  baryta  (first  and  second 
crystallisation,  is  damolic  acid.     (See  Bamolic  acid.) 

The  other  baryta  salts  (in  the  evaporated  mother-liquor)  are  a 
mixture  of  damaluric  acid  with  another  salt  of  baryta ;  but  whether 
the  acid  in  this  salt  is  butyric,  valerianic,  or  some  new  acid,  has  not 
yet  been  ascertained. 

Human  urine  contains  only  a  very  small  quantity  of  these  acids 
And  if  the  urine  employed  in  their  preparation  be  not  perfectly  fresh 
a  certain  amount  of  acetic  acid  is  invariably  produced. 

SECTION    IX. 

Urine-Pi  GMEJSTs. 

Composition  unknown. 

1.  JJrohcBmatine. — It  is  probable  that  the  normal  colouring- 
matter  of  the  urine,  like  bile-pigment,  is  a  modification  or  product 
of  the  decomposition  of  the  hsematine,  and  is  formed  from  it 
during  the  passage  of  the  blood  through  the  kidneys.  Dr.  G. 
Harley  has  of  late  carefully  investigated  this  subject.    He  succeeded 
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in  the  preparation  of  a  pure  substance,  wliich  he  satisfied  himself, 
after  careful  investigation,  was  modified  heematine  of  the  blood, — an 
opinion  which  is  confirmed  by  the  discovery,  that  this  substance 
always  contains  iron.  Dr.  Harley  calls  this  body  urohsematine. 
The  following  is  the  method  of  its  preparation : — A  large  quantity 
of  urine  is  evaporated  until  the  fluid  bas  become  of  the  colour  and 
consistence  of  treacle;  the  pigment-matter  is  then  extracted  by 
alcohol,  and,  during  its  evaporation,  the  salts  which  crystallise  are 
to  be  removed  from  time  to  time.  The  alcohol,  deeply  tinged,  is 
heated  to  boiling,  and,  while  boiling,  treated  with  milk  of  lime,  until 
the  colour  disappears.  It  is  then  filtered,  and  well  washed  with 
ater  and  ether. 
The  compound  of  lime  and  colouring- matter,  when  dry,  is  treated 
ith  hydrochloric  acid  and  alcohol,  and  filtered  ;  the  alcoholic  solu- 
ion  is  mixed  with  an  equal  quantity  of  ether,  and  being  frequently 
aken,  left  to  stand  for  several  days,  in  order  that  the  ether  may 
,ke  up  as  much  as  possible  of  the  colouring-matter.  On  the 
ddition  of  water,  the  ether,  charged  with  the  colouring-matter, 
separates  and  is  removed.  The  ethereal  solution  has  a  very  beautiful, 
wine-red  colour ;  but  it  is  not  yet  perfectly  pure,  and  must  be  washed 
with  water  to  free  it  from  any  remaining  trace  of  acids,  and  from 
salts  and  resinous  matter.  If  this  washing,  however,  is  carried  too 
far,  a  small  quantity  of  the  colouring-matter  will  be  thrown  down. 
The  ethereal  solution,  thus  purified,  is  then  evaporated,  and  the  pure 
colouring-matter  left  on  the  saucer  as  a  dark-red,  amorphous, 
];esinous,  substance,  which  becomes  of  a  splendid  red-colour  when 
dissolved  in  alcohol  and  ether ;  and  in  many  respects,  especially  in 
relation  to  acids  and  alkalies,  closely  resembles  hsematine.  When 
this  colouring-matter  is  burnt,  a  little  residue  remains,  which  con- 
sists solely  of  oxide  of  iron. 

The  pigment-matter  thus  obtained  is  insoluble  in  nitric,  hydro- 
chloric, and  sulphuric  acids,  even  in  the  strongest,  and  also  in  tartaric 
and  oxalic  acids.  It  is  soluble  in  ammonia,  hydrate  of  soda,  and 
potash ;  insoluble  in  a  solution  of  chloride  of  sodium,  in  chloride  of 
barium  and  in  water ;  but  soluble  in  alcohol,  ether,  and  chloroform, 
as  is  also  blood-heematine  in  its  pure  state. 

Scherer,  in  his  experiments,  prepared  the  colouring-matter  of  the 
urine  by  precipitating  it  with  neutral  and  basic  acetate  of  lead,  and 
then  treating  the  compound  of  pigment  and  lead-oxide  with  alcohol, 
mixed  with  hydrochloric  acid.     Dr.  Harley  succeeded  in  resolving 
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the  product  thus  obtained  into  four  separate  bodies,  by  treating  it 
with  ether,  alcohol,  and  alcohol  mixed  with  hydrochloric  acid.  The 
beautiful  red  ethereal  extract,  when  evaporated  nearly  to  dryness^ 
leaves  a  shining  residue,  in  which  a  fatty  sort  of  substance  is  found. 
This  substance  was  recognised  by  Dr.  Harley  as  an  animal  resin. 
The  alcoholic  solution  behaves  in  a  similar  way.  By  evaporating 
these  solutions,  and  washing  the  residue  with  water  and  chloroform, 
the  resin  is  removed,  and  the  pigment-matter  obtained  pure.  The 
mass  which  is  insoluble  in  the  alcohol,  when  treated  with  alcohol 
mixed  with  hydrochloric  acid,  is  resolved  into  two  other  substances, 
whose  nature  has  not  been  investigated  by  Dr.  Harley.  The  first 
two  kinds  of  pigment-matters,  soluble  in  alcohol  and  ether,  exhibit 
results  so  similar,  when  acted  upon  by  tests,  that  they  must,  in  the 
present  state  of  science,  be  considered  as  one  and  the  same.  Hence, 
according  to  Dr.  Harley's  investigations,  there  are  three  kinds  of 
pigment-matters.  {WUrzburger  Verhdl.  Bd.  5.  1854.  Jour.f. 
Tract,  Chemie.    Bd.  64,  p.  264.) 

2.  Uroxanthine  (Heller),  Indican  (Schunck). — Heller  gives  the 
name  of  uroxanthine  to  a  substance,  of  which  only  a  small  quantity  is 
present  in  healthy  urine ;  but  which,  on  the  other  hand,  is  often 
found  in  large  quantities  in  diseased  states  of  the  urine.  It  gives 
the  urine  an  intensely  light-yellow  colour,  and  has  the  peculiar 
character,  when  acted  upon  by  acids,  &c.,  of  producing  two  new 
pigments,  viz.,  uroglaucine  and  urrhodine,  a  saccharine  substance 
being  at  the  same  time  separated.  According  to  the  late  investiga- 
tions of  Schunck,  this  body,  which  is  found  both  in  healthy  and  in 
abnormal  urine,  appears  to  have  a  similar  constitution  to  indican 
obtained  by  him  from  the  indigo-plant. 

Indican  is  obtained  from  the  indigo-plant  in  the  form  of  a  light  brownish 
syrup,  which  is  soluble  in  water,  alcohol,  and  ether.  This,  the  mother- 
substance  of  indigo-pigment,  is  readily  decomposed  when  acted  upon  by 
sulphuric  and  hydrochloric  acids,  &c. ;  the  colouring-matters,  indigo-blae, 
indigo-red,  &c.,  being  separated,  and  a  saccharine  sort  of  substance,  redu- 
cible by  oxide  of  copper,  indigo-glucine  (C13  Hjo  O12),  leucine,  and  volatile 
fatty  acids  (acetic  acid,  formic  acid,  &c.)  remaining  in  solution.  Indican  is 
separated  from  its  solution  by  an  ammoniacal  solution  of  acetate  of  lead. 
The  substance  obtained  from  the  urine  appears  perfectly  similar  to  this 
indican  ;  and  under  the  action  of  acids  it  likewise  yields  blue  and  red  pig- 
ments, a  sweetish  body  capable  of  reduction  by  oxide  of  copper  being  at  the 
same  time  produced. 
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3.  Uroglaucine  and  Urrhodine. — These  substances  are  occasionally 
found  in  the  sediment  of  abnormal  urine.  As  before  said,  they  are, 
according  to  Heller,  products  of  the  oxidation  of  uroxanthine. 
According  to  Schunck,  they  are  very  probably  derivatives  of 
indican. 

a.  Urrhodine — Indigo-red. — When  the  ethereal  solution  is  eva- 
)orated,  the  colouring-matter  is  left  in  a  solid  form,  and  presents 
10  appearance  of  crystaUisation.     It  may,  however,  be  obtained  in 

indistinctly  crystalline  form  by  the  very  slow  evaporation  of  an 
Icoholic  solution.  The  crystals  of  urrhodine  are  nearly  black,  and 
inly  present  a  carmine-red  when  in  very  thin  layers.  In  an  amor- 
phous state,  urrhodine  forms  rosy-red  granules.  It  is  insoluble  in 
rater,  but  soluble  in  cold  alcohol  and  ether,  to  which  it  imparts  a 
beautiful  red  colour.     (Heller's  Archiv,  1846.  p.  21.) 

b.  Uroglaucine. — Uroglaucine  presents  itself  in  the  form  of  a 
lue  powder,  which,  under  the  microscope,  is  found  to  consist  of  fine- 

)ointed  needles ;  these  needles  are  rarely  single,  but  usually  joined 
)gether  in  sets  of  two,  three,  or  more.  For  the  most  part,  they  are 
i^grouped  together  in  star-  and  sun-like  shapes,  which  again  unite 
together  into  larger  masses,  having  a  radiated  form.  Uroglaucine 
may  be  sublimed,  and  is  reducible  with  sulphate  of  iron,  &c.  It  is  often 
found  in  the  urine  in  degeneration  of  the  kidneys,  and,  according  to 
Virchow,  sometimes  in  a  crystalline  form.  The  cyanurine  of  earlier 
observers  is  a  mixture  of  the  blue  and  red  colouring-matter  of  the 
urine. 

A.  Preparation  (after  Schunck). — Urine  is  treated  with  acetate 
of  lead  as  long  as  any  precipitate  is  formed,  and  filtered ;  the  filtrate 
is  then  precipitated  with  an  excess  of  ammonia,  whereby  the  indican 
(uroxanthine)  is  thrown  down  in  combination  with  oxide  of  lead. 
The  precipitate,  collected  and  washed,  is  completely  decomposed  with 
cold  dilute  hydrochloric  or  sulphuric  acid,  and  the  solution  filtered. 
If  much  of  the  indigo- forming  substance  is  present,  the  filter  and 
the  precipitate  will  have  already  become  of  a  bluish  shade,  and  so 
also  will  the  surface  of  the  brown  filtrate;  but  if  only  a  small 
quantity  is  present,  the  blue  pellicle  will  appear  on  the  filter 
in  the  course  of  24  to  48  hours,  but  never  later.  The  brown 
filtrate  deposits  a  dark  brown  powder,  after  the  indigo-blue,  which 
gradually  separates  by  boiling,  is  removed.  This  powder  has  the 
same  appearance  as  that  which  is  obtained  directly  from  the  extrac- 
tive-matter of  the  urine  by  boiling  it  with  acids,    and  is  partly 
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soluble  in  soda-ley  with  a  brown  colour,  and  partly  insoluble.  The 
undissolved  part  is  separated  by  boiling  alcohol  into  two  bodies,  one 
of  which  is  dissolved  with  a  purple-blue  colour,  and  appears  to  be 
identical  with  indigo-red,  and  the  other  has  the  i)roperties  of  indigo- 
blue.   {Tour,  fur  Vrac,  Chem.  Vol.  75,  p.  378.) 

B.  Preparation  (after  Kletzinsky  and  Heller). — Urine,  which  has 
been  turned  to  an  indigo-blue  colour  l:)y  admixture  with  fuming 
hydrochloric  acid,  is  thoroughly  precipitated  with  acetate  of  lead,  and 
the  filtrate,  freed  from  any  excess  of  oxide  of  lead  by  sulphuretted 
hydrogen,  is  evaporated  to  one-third.  The  fluid,  while  warm,  is 
poured  into  double  or  treble  its  volume  of  fuming  hydrochloric  acid, 
and  allowed  to  stand  for  some  days;  during  which  time  a  thin, 
copper-red,  variegated  pellicle  is  formed  on  its  surface,  and  the  fluid 
gradually  becomes  turbid.  It  is  next  filtered,  and  the  bluish-black 
mass  which  is  separated  thoroughly  washed  with  w^ater,  and,  after 
drying  over  sulphuric  acid,  treated  with  ether,  which  thereupon 
takes  a  darkish-red,  or  purplish  hue,  and  contains  a  red  amorphous, 
resinous-like  mass,  urrhodine  (indigo-red,  according  to  Schunck). 
The  residue  left  by  the  ether  is  boiled  with  alcohol,  and  the  deep 
corn-flower  blue  solution  left  at  rest  in  a  closed  flask.  In  the  course 
of  a  month  a  deep  black  velvety  sediment  is  deposited,  w^hich 
frequently  contains  rudimentary  crystals.  (The  elementary  analysis 
of  this  precipitate  agrees  completely  with  that  of  indigo-blue, 
according  to  Kletzinsky.) 

According  to  my  own  experience,  urine  rich  in  uroxanthine  does 
not  require  this  complicated  process ;  for  when  mixed  with  an  equal 
volume  of  hydrochloric  acid,  it  very  soon  throws  down  the  pigment. 
The  quantity  obtained  is  always  very  small,  and  not  less  than  ten  to 
twenty  pounds  of  urine  should  be  operated  upon. 

c.  Tests. — The  following  very  neat  test  of  Heller  may  be  em- 
ployed for  ascertaining  the  presence  of  even  small  quantities  of 
uroxanthine  in  the  urine.  From  3  to  4  C.  C.  of  strong  fuming 
hydrochloric  acid  are  mixed  in  a  test  tube  with  from  tw^enty  to  forty 
drops  of  the  urine  to  be  tested.  If  uroxanthine  is  present  the  mixture 
assumes  a  reddish -violet  or  intense  blue  colour,  in  consequence  of 
the  decomposition  of  the  uroxanthine.  If  the  reaction  be  indistinct 
because  of  the  small  quantity  of  uroxanthine  in  the  urine,  it  may 
be  rendered  much  more  marked  by  the  addition  of  two  or  three  drops 
of  strong  nitric  acid;  thereupon,  in  the  course  of  a  few  minutes,  but  not 
immediately,  a  beautiful  violet-colour  is  produced,  which  at  first  plays 
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'^omewhat  into  a  blue,  but  afterwards  more  into  a  red,  and  sooner  or 
later  assumes  a  dirty-red,  and  lastly,  again  becomes  yellow.  The 
coloration  generally  sbows  itself  without  the  addition  of  the  nitric 
acid  ;  but  with  the  aid  of  this  acid  the  smallest  traces  of  uroxanthine 
may  be  recognised.  In  this  reaction,  as  in  the  others,  the  uroxanthine 
is  resolved  into  urrhodine,  uroglaucine,  and  sugar. 

I  have  had  an  opportunity  of  observing  for  a  lengthened  period 
the  presence  of  uroxanthine  in  the  urine  of  a  young  man.  He  was 
about  eighteen  or  twenty  years  of  age,  and  apparently  of  sound 
constitution,  and  had  secreted  the  pigment-matter  at  various  times 
and  for  long  periods  together. 

On  the  addition  of  an  equal  quantity  of  hydrochloric  acid  or  nitric 
acid  to  this  urine,  it  quickly  became  of  a  violet  hue,  gradually  grew 
darker,  and  at  last  assumed  a  deep  dark-blue  colour.  On  shaking 
the  mixture,  and  after  it  had  been  allowed  to  stand  a  short  time,  the 
colouring-matter  separated  in  the  form  either  of  a  deep-blue  scum, 
or  as  a  thin,  shining,  reddish-blue,  ghstening  pellicle. 

The  colouring-matter,  when  washed,  appeared  as  a  deep-blue 
powder,  with  a  reddish  coppery  grain ;  it  was  dissolved  by  boiling 
alcohol;  but  the  greater  part  of  it  separated  again  as  the  alcohol 
cooled,  the  solution  remaining  of  a  violet  or  reddish  colour. 
(Urrhodine. ) 

The  product  thus  obtained  sublimed  at  a  moderate  heat,  forming 
a  beautiful  red  vapour,  which  was  deposited  as  a  reddish-blue  sub- 
limate. This  sublimate,  under  the  microscope,  presented  the  groups 
of  needles  above  described.  It  could  not  be  distinguished  from 
sublimed  indigo ;  and  its  conduct,  when  treated  with  concentrated 
sulphuric  and  nitric  acids,  and  especially  with  reducing  agents,  such 
as  protoxide  of  iron,  and  sulphide  of  ammonium,  corresponded 
entirely  with  that  of  indigo."^  Evaporation  of  the  urine  entirely 
destroyed  the  pigment,  so  that  it  could  not  be  obtained  from  the 
residue.     Nitrous  acid  also  decomposed  it. 

I  would  call  attention  to  a  peculiar  effect  produced  on  this  urine 
by  concentrated  sulphuric  acid.  When  one-sixth  to  one-fourth 
of  its  volume  of  concentrated  sulphuric  acid  was  added,  without 
shaking,  to  a  small  quantity  of  the  urine,  there  appeared,  first  of 
all,  at  the  point  of  contact  of  the  two  fluids,  a  reddish  shade,  which 
gradually  became  darker,  and,  spreading  through  the  whole  fluid, 
imparted  to  it  a  deep  dark-red  colour,  passing  into  a  purple-violet- 
*  Annalen  der  Chem.  unci  Fharm.     Bd.  90,  p.  120. 
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red.  This  play  of  colours  exactly  resembles  that  which  occurs  when 
urine  containing  bile  is  treated  with  sugar  and  sulphuric  acid;  only, 
in  the  case  referred  to,  the  colours  appeared  without  any  addition  of 
sugar.  When  the  pigment  was  decomposed  by  evaporation  the 
play  of  colours  could  not  be  obtained. 

Carter  availed  himself  of  this  reaction  of  uroxanthine,  when 
brought  under  the  action  of  concentrated  sulphuric  acid,  as  a  test. 
For  this  purpose  a  test-tube  is  filled  about  one  inch  with  the  urine  to 
be  examined,  and  one-tliird  of  its  volume  of  concentrated  sulphuric 
acid  (of  1'83  sp.  gr.)  carefully  poured  into  the  urine,  down  the  side 
of  the. tube,  which  is  then  shaken.  The  mixture  thereupon  assumes 
more  or  less  of  a  violet-blue,  according  to  the  amount  of  indigo- 
forming  body  which  it  contains.  The  process  described  must,  how- 
ever, be  accurately  carried  out.  If  the  sulphuric  acid  be  of  a  differ- 
ent degree  of  concentration,  or  if  it  be  added  guttatim,  &c.,  the  test 
will  either  fail  altogether  or  the  result  will  be  unsatisfactory.  If  the 
urine  contains  much  urohsematine,  or  bile-pigment,  they  must  be 
previously  separated  by  a  little  acetate  of  lead.  If  any  sulphate  of 
lead  should  be  afterwards  precipitated  on  the  addition  of  sulphuric 
acid,  the  test  is  not  interfered  with,  for  the  precipitate  rapidly  sinks, 
and  does  not  interfere  with  the  coloration  of  the  fluid.  On  neutralis- 
ing the  sulphuric  acid  with  ammonia,  and  shaking  the  mixture  with 
one-third  of  its  volume  of  ether,  the  fluid  divides  into  three  layers. 
The  uppermost  layer  is  of  a  ruby-red,  and  contains  dissolved  urrhodine : 
the  middle  one  is  blue,  and  contains  indigo-blue  (uroglaucine)  in 
suspension  ;  and  the  lowest,  containing  ordinary  urine-pigment,  is  of 
a  transparent  yellow  colour. 

By  this  process,  which  is,  however,  far  from  perfect.  Carter  has 
shown  the  presence  of  indican  in  the  blood. 

Although  indican  is  very  frequently  present  in  healthy  urine,  at 
least  in  small  quantities,  it  is  probable  that  in  some  diseases  its  quan- 
tity is  so  much  increased  as  to  render  it  a  sign  of  disease,  and  conse- 
quently it  is  worthy  the  attention  of  physicians.  At  all  events, 
indican  (indigo-blue,  &c.)  becomes  of  much  interest  when  regarded 
as  a  probable  product  of  the  decomposition  of  proteine-bodies — a 
view  which  is  strongly  supported  by  the  nature  of  the  products  of  the 
decomposition  of  indican,  amongst  which  (as  already  mentioned)  we 
find  leucine  and  volatile  fatty  acids,  together  with  a  saccharine 
substance. 
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A  comparatively  large  amount  of  indigo  is  obtained  from  the  urine  of  the 
horse  and  the  cow.  Creosote  and  oil  of  bitter  almonds,  taken  even  iu  small 
quantities,  increase  considerably  the  quantity  of  indigo-blue  in  the  urine. 
{Kletzinsky .) 

We  may  readily  conceive,  that  a  vast  number  of  different  shades 
of  colour,  greenish,  grass-green,  blue,  violet,  red,  may  be  imparted 
to  the  urine  through  the  union  of  urohsematine  with  varying  quan- 
tities of  urrhodine  and  uroglaucine. 

4.  TJroerythrine. — Uroerythrine  is  the  pigment  which  gives  to 
sediments  of  uric  acid  and  urate  of  soda  their  brick,  or  rosy-red 
colour,  the  intensity  of  which  increases  on  exposure  to  the  air.  It 
also  appears  in  solution  in  abnormal  urine,  and  gives  to  it  its  red 
colour.  Nothing  more,  however,  is  known  of  this  pigment.  (Heller's 
ArcUv.  1853,  p.  391.) 

In  conclusion,  I  must  speak  of  a  substance  which  Scharling  has  discovered 
in  the  ethereal  extract  of  urine.  {Annal.  d.  Chetn.  u.  Pharm.  Bd.  42 
p.  256.)  He  has  not,  however,  yet  succeeded  in  obtaining  this  substance, 
which  he  calls  oxide  of  omichmyl,  perfectly  pure,  nor  has  he  closely  investi- 
gated its  nature. 

Oxide  of  omichmyl  has  a  resinous  appearance,  readily  melts  in  boiling  wa- 
ter into  a  yellow  liquid,  is  soluble  in  alcohol,  in  ether,  and  in  alkalies.  It  has 
an  acid  reaction ;  but  it  is  not  clear  whether  this  peculiarity  is  proper  to  it, 
or  depends  upon  the  presence  of  some  adherent  acid.  In  its  dry  state  it  has 
the  smell  of  castoreum,  and  in  its  moist  a  urinous  odour ;  moistened  with 
oil  of  turpentine,  it  emits  a  violet  odour.  Nothing  certain  is  known  of  its 
chemical  constitution ;  nor  has  its  elementary  analysis  been  yet  made  out. 


section  x. 
Inorganic  Constituents  of  the  Urine. 

In  addition  to  the  organic  substances  already  described,  the 
healthy  urine  contains  varying  quantities  of  certain  inorganic  bodies, 
which  remain  as  an  ash  when  the  urine  has  been  evaporated,  and 
the  residue  exposed  to  a  very  high  temperature.  We  find,  in  fact, 
the  whole  of  these  bodies  in  the  ash,  with  the  exception  of  a  little 
ammonia,  which  is  driven  off  by  the  heat.  During  incineration 
these  inorganic  substances  undergo  new  arrangements,  being  oxidised 
and  reduced  by  the  action  of  charcoal  and  the  oxygen  of  the  air. 
Hence  they  are  found  in  the  ash,  in  combinations  different  from 
those  which  they  had  when  dissolved  in  the  urine.     If,  however,  the 
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heat  applied  in  the  incineration  be  too  great,  appreciable  quanti- 
ties of  one  or  other  of  these  bodies  may  be  completely  driven  off. 
The  acid  phosphate  of  soda  of  the  urine,  for  instance,  after  the 
evaporation  of  the  urine  and  the  incineration  of  the  residue, 
becomes  intimately  mixed  with  the  ash ;  but  if  the  mass  be  strongly 
heated,  a  portion  of  the  phosphorus  is  reduced  by  the  action  of 
carbon  on  the  phosphoric  acid,  and  driven  off.  This  fact  suffices  to 
show  the  great  care  which  is  required  in  conducting  the  incineration, 
of  which  process  I  shall  speak  more  particularly  in  the  Second  Part 
of  the  work. 

As  inorganic  bases,  the  urine  contains  soda,  potash,  lime,  and 
magnesia  in  union  (especially  the  soda  and  potash)  with  uric  and 
hippuric  acids,  and  also  with  sulphuric,  phosphoric,  and  hydro- 
chloric acids.  Small  quantities  of  iron  and  silicic  acid  are  also  found 
in  the  urine;  so,  also,  is  ammonia,  especially  when  the  urine  is 
alkaline.  The  urine  contains  no  free  gases,  with  the  exception  of  a 
little  carbonic  acid  and  nitrogen.  Sulphuretted  hydrogen  some- 
times appears  in  it  in  its  unhealthy  conditions.  The  quantity  of  in- 
combustible salts  of  the  urine  varies  in  different  persons,  and  under 
different  pathological  conditions  of  the  body.  In  men  it  may  vary 
between  9*06  and  24*50  grammes,  and  in  women  between  10'28 
and  19'63  grammes.  Lehmann,  when  living  on  a  mixed  diet,  found 
in  his  urine  15 '245  grammes  daily,  the  quantity  varying  between 
9-652  and  17-284  grammes. 

We  shall  next  describe  the  different  salts  found  in  the  urine. 


section  xi. 
Chloride  of  Sodium. 


A.  Occurrence. — Nearly  the  whole  of  the  chlorine  found  in  the 
urine  is  combined  with  sodium.  The  quantity  of  chloride  of  sodium 
which  is  separated  with  the  urine  varies  in  different  persons,  and  at 
different  periods  of  the  day.  Hegar,  in  his  inaugural  thesis,  has 
given  us  the  results  of  observations  respecting  these  variations,  made 
on  eight  persons.  They  are,  shortly,  as  follows; — The  average 
quantity  of  chlorine  passed  in  twenty-four  hours  was  10-46  grammes, 
which  corresponds  with  17*5  grammes  of  chloride  of  sodium.  The 
quantity  of  chloride  of  sodium  in  the  urine  was  most  abundant  after 
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midday; — during  the  night  the  quantity  diminished  considerably, 
but  it  increased  again  in  the  morning.  Bodily  exercise  increases, 
and  slight  deviations  from  health  readily  lessen  its  secretion.  The 
quantity  of  chlorine,  again,  is  much  dirnim§hgji-^£ter, beer- drinking. 
As  regards  the  total  amount  of  chloride  of  sodium  secreted  during 
twenty-four  hours,  the  latest  observations  of  Bischoff  differ  somewhat 
from  those  of  Hegar's.  (BischofF,  Ber  Ilamstoff,  1853.  p.  23.) 
Bischoff  found  that  in  his  own  urine  the  quantity  varied  between 
8 "64  and  24*84  grammes  in  the  twenty-four  hours,  the  average 
being  14*73. 

The  quantity  of  chloride  of  sodium  in  the  urine  is  remarkably 
diminished  in  many  diseases,  and,  indeed,  in  all  diseases  in  which 
a  large  amount  of  exudation  has  taken  place.  ^  Eedtenbacher  found 
thg,t  the_quantity  of  chlorides  was  often  reduced  to  a  minimum  in 
pneumomti}^«a  that,  in  some  cases,  no  precipitation  whatever 
occurred  on  the  addition  of  a  salt  of  t^iiver  to  the  urine. 

B.  Microscopical  characters. — Chloride  of  sodium,  observed  under 
the  microscope,  crystallises  in  beautiful,  well-formed,  regular  pyra- 
midal cubes.  It  undergoes,  however,  a  distinct  modification  when 
separated  from  a  solution  containing  urea; — in  such  case,  the 
ordinary  cubes  are  replaced  by  octohedral  and  tetrahedral  forms. 
This  peculiar  character  of  chloride  of  sodium  has  been  turned  to 
account  in  determining  the  presence  of  small  quantities  of  urea  in 
animal  fluids.  It  has,  however,  been  found,  that  even  pure  chloride 
of  sodium,  especially  when  separated  in  the  form  of  very  small 
crystals,  assumes  varied  combinations  of  its  regular  forms  of 
crystalhsation,  and  that  it  has  a  particular  tendency  to  do  so  when 
the  solution  contains  any  organic  matter.  This  method,  therefore, 
of  testing  the  presence  of  urea  has  been  abandoned. 

c.  Chemical  characters. — 1.  Chloride  of  sodium  readily  dissolves  in 
water,  and  imparts  to  the  solution  a  very  saline  taste.  When  water 
is  added  to  pure,  roughly-broken,  crystallised  rock-salt,  at  a  tempera- 
ture of  12*^  to^24'^  C.  (54^  to  76^  Eahr.),  and  the  mixture  shaken 
from  time  to  time  during  24  hours,  it  is  found  that  it  invariably 
takes  up  the  same  quantity  of  salt.  In  10  0.  C.  of  this  solution, 
when  filtered  and  clear,  Liebig  and  others  found,  as  an  average  of 
several  closely-agreeing  observations,  3*184  grammes  of  chloride  of 
sodium.     Of  this  fact  we  make  constant  use  in  quantitative  analysis. 

2.  Nitrate  of  silver  occasions  a  white  curdy  precipitate  in  all 
fluids   which   contain   chloride   of  sodium,    the   precipitate   being 
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insoluble  in  nitric  and  hydrochloric  acids.  When,  however,  a 
solution  of  nitrate  of  silver  is  added  to  urine  which  has  been 
acidulated  with  nitric  acid,  the  pigments  of  the  urine  are  also  thrown 
down  by  the  nitrate  of  silver,  and,  consequently,  the  precipitate  is 
not  pure  chloride  of  silver.  This  fact  is  worthy  of  note  in  reference 
to  the  quantitative  analysis  of  the  chlorine  of  the  urine  by  the  aid 
of  nitrate  of  silver. 

3.  Sub-nitrate  of  mercury,  added  to  chloride  of  sodium,  imme- 
diately throws  down  a  precipitate  of  subchloride  of  mercury,  which  is 
almost  wholly  insoluble  in  acids. 

4.  When  a  concentrated  solution  of  chloride  of  sodium  is  mixed 
with  an  equally  concentrated  solution  of  protonitrate  of  mercury,  both 
salts  are  decomposed;  nitrate  of  soda  is  formed,  and  the  fluid 
solidifies  into  a  thickish  crystalline  mass  of  corrosive  sublimate.  The 
same  decomposition  also  takes  place  in  weak  solutions  of  these  salts ; 
but  in  such  cases  the  corrosive  sublimate  remains  in  solution.  We 
found,  under  the  head  of  Urea,  that  when  nitrate  of  mercury  is  added 
to  a  solution  of  urea  a  precipitate  of  oxide  of  mercury  and  urea  is 
thrown  down.  Protochloride  of  mercury,  on  the  other  hand,  throws 
down  no  precipitate,  either  in  neutral  or  acid  solutions  of  urea. 

The  following  method,  adopted  by  Liebig  in  carrying  out  the 
quantitative  analysis  of  chloride  of  sodium  in  the  urine,  will  now  be 
easily  understood : — The  phosphoric  and  sulphuric  acids  are  in  the 
first  place  separated  from  the  urine  by  the  addition  of  nitrate  and  of 
caustic  baryta;  the  alkaline  filtrate  is  then  rendered  neutral  or 
slightly  acid  by  nitric  acid ;  so  that  the  fluid  consists  of  a  weak 
acid  solution  of  chloride  of  sodium  and  urea.  A  solution  of  dilute 
protonitrate  of  mercury  is  now  dropped  into  it,  and  where  the  fluids 
come  into  contact  a  white  precipitate  is  observed,  which  disappears 
when  shaken.  This  precipitate  is  a  combination  of  urea  and  prot- 
oxide of  mercury.  As,  however,  chloride  of  sodium  is  present  in 
the  solution,  the  nitrate  of  mercury  is  immediately  converted  into 
corrosive  subKmate,  which  does  not  throw  down  ure»in  a  weak  acid 
solution.  The  precipitate  consequently  disappears,  and  leaves  the 
solution  as  clear  as  it  was  originally.  This  proceeding  is  again  and 
again  repeated,  nitrate  of  mercury  being  gradually  dropped  into  the 
solution,  until  the  whole  of  the  chloride  of  sodium  in  it  is  exhausted 
by  the  union  of  its  chlorine  with  the  mercury.  At  this  point,  on 
the  further  addition  of  the  protonitrate  of  mercury,  as  there 
is  no  longer  any  chloride  of  sodium  to  change  the  nitrate  into  a 
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chloride,  we  obtain  a  permanent  precipitate  of  urea  and  oxide  of 
mercury. 

If,  therefore,  we  know  the  exact  quantity  of  nitrate  of  mercury 
which  has  been  used,  we  can  readily  calculate  the  quantity  of 
chloride  of  sodium  in  the  urine,  one  equivalent  of  oxide  of  mercury 
corresponding  with  exactly  one  equivalent  of  chloride  of  sodium. 

5.  When  a  few  drops  of  a  solution  of  neutral  chromate  of  potash 
are  added  to  a  neutral  solution  of  chloride  of  sodium,  containing 
phosphate  of  soda,  and  a  solution  of  nitrate  of  silver  then  dropped 
through  a  pipette  into  the  mixture,  the  whole  of  the  chlorine  is,  in 
the  first  instance,  thrown  down  in  the  form  of  chloride  of  silver. 
But,  if  more  of  the  solution  of  silver  be  now  dropped  into  the 
mixture,  chromate  of  silver  is  formed,  and  imparts  to  it  a  permanent 
red  colour.  Up  to  this  stage  of  the  process,  the  phosphoric  acid 
remains  completely  dissolved,  the  salt  of  silver  precipitating  these 
three  acids  in  the  following  order: — Chlorine,  chromic  acid,  and 
phosphoric  acid.     (Mohr's  volumetrical  method.) 

D.  Tests. — The  reaction  described  with  nitrate  of  silver,  always 
serves  as  a  test  for  the  presence  of  chloride  of  sodium  in  the  urine. 
The  phosphoric  acid  in  the  urine,  it  is  true,  also  throws  down  a 
precipitate  with  nitrate  of  silver;  but  this  precipitate — phosphate 
of  silver — is  soluble  in  nitric  acid,  which  the  chloride  of  silver  is 
not.  Consequently  in  testing  the  urine  for  chlorine  we  must, 
either  before  or  after  the  nitrate  of  silver  is  dropped  into  it,  render 
the  mixture  strongly  acid  by  the  addition  of  nitric  acid.  In  the  first 
case,  the  phosphate  of  silver  will  not  be  thrown  down ;  and  in  the 
second,  it  will  be  immediately  dissolved,  the  chloride  of  silver  alone 
remaining,  in  the  form  of  a  cheesy  flocculent  precipitate. 

In  urine  which  has  been  evaporated  to  a  syrupy  consistence, 
chloride  of  sodium  crystallises,  after  a  short  time,  in  cubes  or  octo- 
hedra,  which  are  readily  recognised.  The  presence  of  the  soda  may 
be  shown  by  the  peculiar  character  of  salts  of  soda,  viz.,  that  when 
heated  to  redness  on  platinum  wire  in  the  inner  blowpipe-flame, 
they  produce  an  intensely  yellow  colour. 


section  xii. 
Chloride  of  Potassium. 
Urine    contains  chloride  of  potassium   as   well   as   chloride   of 
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sodium;  and  the  tw^o  salts  have  exactly  similar  crystalline  forms. 
The  presence  of  potash  in  the  urine  is  tested  in  the  following  way : — 
A  little  hydrochloric  acid  is  first  added  to  it,  and  then  an  equal 
volume  of  a  mixture  of  alcohol  and  ether,  and,  lastly,  a  solution  of 
chloride  of  platinum.  In  the  course  of  a  few  hours,  beautiful  octo- 
hedra  of  the  double  chloride  of  potassium  and  platinum,  mingled 
with  ammonio-chloride  of  platinum,  are  deposited  from  the  mixture, 
and  may  be  readily  recognised  under  the  microscope. 
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SECTION    XIII. 


^J^"^'"  \      Sulphates. 

A.  Occurrence. — Numerous  researches  concerning  the  quantity  of 
sulphates  in  the  urine   have  been   recently  made   under   YogeFs 

^  directions.     Prom  these  it  appears  that  the   average   quantity  of 

La  -^  sulphuric  acid  passed  with  the  urine,  by  an  adult,  is  2*094  grammes 

^^■'  in  twenty-four  hours.     The  quantity  increases  during  digestion,  is 

^  somewhat  less  during  the  night,  and  falls  to  its  minimum  in  the 

forenoon.     The  amount  of  sulphates  is  increased  for  a  time  by  large 
^  draughJt^of^  water,   buTlis"  afterwards   proportionally"  diminiihed. 
(Gruner.)     Sulphates  taken  by  the  mouth  are  wholly  discharged 
(/        with  the  urine  in  the  course  of  the  following  eighteen  to  twenty-four 
?/  hours.     The  ingestion  of  pure  sulphur  increases  the  sulphur-con- 

stituents of  the  urine.  There  is  no  doubt  that  the  sulphur,  which  is 
introduced  into  the  body  with  the  proteinesubstances  of  the  food,  is  gra- 
dually oxidised  and  converted  into  sulphuric  acid,  which,  again,  united 
with  alkalies,  is  afterwards  discharged  with  the  urine.  Consequently, 
a  rich  animal  diet  increases  the  sulphuric  acid  as  well  as  the  urea  in 
the  urine.  Diseases  have  a  marked  influence  over  the  excretion  of 
sulphates,  sometimes  increasing  and  sometimes  diminishing  the 
quantity  of  them  in  the  urine. 

B.  Chemical  characters. — Some  of  the  sulphates  are  soluble,  and 
some  of  them  insoluble,  in  water.  The  insoluble  salts  are  mostly 
white,  and  the  soluble  colourless  in  their  crystalline  state.  The 
sulphates  of  the  alkalies  and  alkaline  earths  are  not  decomposed  at  a 
high  temperature;  but  if  heated  with  charcoal,  or  with  organic 
matters  which  yield  charcoal,  they  are  reduced  to  the  state  of 
sulphurets,  and  their  presence  may  be  then  recognised  by  the  odour 
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of  sulphuretted  hydrogen,  which  they  give  off  when  the  heated  mass 
is  moistened  with  a  httle  acid.  When  this  test  is  tried  on  clean 
silver,  a  black  spot  is  left  on  it. 

1.  Chloride  of  barium,  added  to  solutions  of  the  sulphates,  occa- 
sions a  white,  pulverulent  precipitate  of  sulphate  of  baryta,  which  is 
insoluble  in  hydrochloric  and  nitric  acids. 

2.  Acetate  of  lead  throws  down  sulphate  of  lead. 

3.  Sulphuretted  hydrogen  maybe  produced  when  organic  matters, 
mixed  with  sulphates,  are  exposed  in  a  moist  state  to  a  moderately 
warm  temperature.  It  is  possible,  therefore,  that  the  sulphuretted 
hydrogen  which  is  occasionally  met  with  in  the  urine  may  be  formed 
in  a  similar  way. 

c.  Tests, — The  sulphates  yield,  with  salts  of  baryta,  a  precipitate 
which  is  insoluble  in  acids,  and  recognisable  even  when  the  solution 
is  exceedingly  diluted.  Consequently,  in  testing  the  urine  for  its 
sulphates,  we  first  of  all  render  it  strongly  acid  by  the  addition  of 
nitric  acid  or  hydrochloric  acid,  for  the  same  reasons  as  given  in  the 
case  of  chloride  of  sodium,  and  then  add  to  it  a  solution  of  chloride 
of  barium  or  nitrate  of  baryta.  The  precipitate  which  results — 
sulphate  of  baryta — is  a  sure  indication  of  the  presence  of  sulphuric 
acid.  If,  therefore,  we  take  a  certain  volume  of  urine,  say  IOC.  C, 
and  add  to  it  an  equal  or  sufficient  quantity  of  chloride  of  barium 
and  hydrochloric  acid,  we  obtain,  from  the  greater  or  less  quantity  of 
precipitate  which  is  thereby  thrown  down,  an  approximative  estimate 
of  the  amount  of  sulphates  present  in  it. 


section  xiv. 
Acid  Phosphate  of  Soda. 


A.  Occurrence. — According  to  Liebig,  this  salt  is  undoubtedly 
present  in  the  urine,  and  is,  moreover,  in  most  cases,  the  chief  cause 
of  its  acid  reaction.  With  regard  to  the  amount  of  phosphoric  acid 
in  the  urine,  numerous  calculations  have  been  made,  especially  by 
Breed.  {Annal.  der  Chem.  u.  Pharm.  Bd.  78,  p.  150.)  From 
3*765  grammes  to  5 '180  grammes  was  the  average  quantity  of  phos- 
phoric acid  passed  during  twenty-four  hours  by  several  persons. 

It  appears  to  me,  however,  from  numerous  experiments,  which 
have  been  lately  made,  that  this  quantity  of  phosphoric  acid  is  some- 
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what  too  high  for  the  24  hours — a  fact  which  may  be  readily  explained 
by  the  defective  method  of  analysis  (with  perchloride  of  iron) 
hitherto  employed.  I  have  not  found  more  than  2  grammes  of 
phosphoric  acid  in  healthy  urine  during  the  twenty- four  hours,  since  I 
have  employed  the  volumetrical  method  with  a  solution  of  a  sesqui- 
salt  of  uranium  for  determining  the  quantity  of  phosphoric  acid.  A 
new  series  of  experiments,  made  under  normal  conditions  with  this 
very  sensitive  method  of  analysis,  is  much  needed. 

Phosphoric  acid  was  found  to  be  somewhat  augmented  by  increase 
of  drink ;  but,  according  to  Winter,  this  happened  only  during  the 
first  two  or  three  hours  after  drinking.  Winter  also  found  that  the 
quantity  of  phosphoric  acid  in  the  urine  was  considerably  greater 
during  the  night  than  in  the  morning,  and  that  it  was  greatest  in  the 
afternoon ;  for  as  Winter  and  Breed  both  observed,  the  taking  of  food 
increased  very  greatly  the  quantity  of  phosphoric  acid.  In  diseased 
states  of  the  body  the  variations  are  considerable,  as  we  may  readily 
imagine ;  according  to  Heller,  they  vary  in  much  the  same  way 
as  the  sulphates  do. 

B.  Chemical  characters . — 1.  The  acid  phosphate  of  soda  dissolves 
readily  in  water,  and  imparts  to  it  an  acid  reaction.  It  is  not 
altered  when  exposed  to  a  red  heat ;  but  if  previously  well-mixed 
with  charcoal  or  any  organic  matters,  and  then  heated,  part  of  its 
phosphoric  acid  is  decomposed,  and  phosphorus,  which  immediately 
passes  ofP  in  vapour,  is  formed. 

2.  Chloride  of  barium  and  nitrate  of  baryta,  added  to  the  solution 
of  phosphate  of  soda,  throw  down  a  precipitate  of  phosphate  of 
baryta,  which  is  readily  dissolved  in  acids. 

3.  Phosphoric  acid  forms,  with  lime  and  magnesia,  compounds 
insoluble  in  water,  but  which  dissolve,  even  in  acetic  acid,  without 
decomposition.  The  phosphate  of  lime  and  the  phosphate  of 
magnesia,  which  we  meet  with  in  the  urine,  are  held  in  solution  by 
the  free  acid,  or  the  acid  salts  of  the  urine.  When  the  urine  is 
neutralised  by  ammonia,  the  phosphate  of  lime  is  thrown  down 
unchanged,  but  the  phosphate  of  magnesia  unites  with  ammonia, 
and  forms  a  precipitate  of  ammonio-phosphate  of  magnesia.  It 
is  in  this  way  that  the  ammonio-phosphate  which  appears  as  a 
sediment  in  alkaline  urine  is  formed.  The  alkaline  reaction  of 
urine  usually  depends  upon  the  presence  of  carbonate  of  ammonia, 
which  is  produced  by  the  decomposition  of  the  urea  ;  but  whenever 
this  decomposition  takes  place,  the  free  acid  of  the  urine  disappears. 
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and  the  earthy  phosphates  no  longer  remain  in  solution.  The 
phosphate  of  lime,  under  such  circumstances,  separates  in  an 
amorphous  form,  and  the  phosphate  of  magnesia  in  beautiful  crystals 
of  the  ammonio-phosphate  of  magnesia. 

4.  Perchloride  of  iron,  added  to  a  solution  of  the  phosphates, 
which  has  been  rendered  acid  by  free  acetic  acid,  throws  down  a  yel- 
lowish-white gelatinous  precipitate  of  perphosphate  of  iron.  This 
compound  is  soluble  in  all  acids,  except  acetic  acid ;  consequently, 
when  we  desire  to  precipitate  the  phosphoric  acid  out  of  any  solution 
by  perchloride  of  iron,  we  must  take  care  that  it  does  not  contain  any 
free  acid  except  acetic  acid.  Should  any  other  free  acid  be  present, 
acetate  of  soda  and  free  acetic  acid  must  be  added  to  the  solution 
before  the  precipitation  by  perchloride  of  iron  is  effected ;  by  this 
means  the  solution  is  converted  into  an  acetic  acid  solution,  in  which 
the  phosphate  of  iron  is  insoluble.  This  reaction  is  made  use  of, 
after  Liebig's  method,  in  the  volumetrical  analysis  of  phosphoric  acid. 

5.  A  solution  of  phosphate  of  soda,  mixed  with  a  solution  of 
protonitrate  of  mercury,  immediately  produces  a  copious  white  pre- 
cipitate of  phosphate  of  mercury,  which  soon  crystallises  when  it  is 
left  at  rest.  Corrosive  sublimate,  on  the  other  hand,  when  mixed  with 
phosphate  of  soda,  does  not  occasion  any  cloudiness  in  the  solution. 
Consequently,  if  a  solution  of  chloride  of  sodium  is  added  to  a 
mixture  of  phosphate  of  soda  and  nitrate  of  mercury  before  the 
precipitate  crystallises,  an  interchange  takes  place  between  the 
phosphate  of  mercury  and  the  chloride  of  sodium,  —  corrosive 
sublimate  and  phosphate  of  soda  being  formed.  Corrosive  sublimate, 
however,  does  not  decompose  phosphate  of  soda,  and  the  fluid 
therefore  remains  bright  and  clear,  in  consequence  of  the  disappear- 
ance of  the  precipitate  which  was  at  first  formed. 

Liebig  has  grounded  upon  this  fact  a  plan  for  ascertaining  with 
tolerable  accuracy  the  quantity  of  oxide  of  mercury  in  a  solution  of 
nitric  acid.  One  equivalent  of  phosphate  of  mercury  requires  for 
its  decomposition  exactly  one  equivalent  of  chloride  of  sodium ;  if, 
therefore,  we  know  the  quantity  of  chloride  of  sodium  which  is 
employed,  we  also  know  the  quantity  of  mercury  in  the  solution 
tested. 

We  make  use  of  this  method  in  the  preparation  of  standard 
solutions  of  mercury  for  the  determination  of  chloride  of  sodium 
and  urea,  after  Liebig's  method. 

6.  When  a  hot  solution  of  a  phosphatic  salt,  which  is  soluble  in 
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water  or  acetic  acid,  is  treated  with  sesquiacetate  or  nitrate  of 
uraniam,  a  yellow  precipitate  of  phosphate  of  uranium  is  imme- 
diately produced.  And  if  an  ammoniacal  salt,  in  sufficient  quantity, 
be  present,  the  precipitate  will  also  contain  ammonia  (2  (Ur2  Og) 
N  H4  0,  P  O5  -I-  X  HO);  but  it  yields,  like  the  former,  when 
heated  to  redness,  pyrophosphate  of  the  sesquioxide  of  uranium, 
2  (Ur^  O3)  POg.  The  precipitate  is  not  soluble  either  in  w^ater  or 
acetic  acid,  but  dissolves  readily  in  mineral  acids ;  when,  however, 
an  excess  of  an  acetate  is  added  to  the  latter  the  whole  of  the 
precipitate  is  again  thrown  down.  We  now  make  use  of  this  test  in 
the  volumetrical  analysis  of  phosphoric  acid. 
D.  Tests. — (See  Section  xv.) 


section  xv. 
Phosphates  of  Lime  and  Magnesia. 

Both  of  these  earthy  phosphates,  as  already  stated,  are  present  in 
a  state  of  solution  in  acid  urine;  they  are,  however,  precipitated 
whenever  the  urine  is  rendered  alkaline. 

We  obtain  a  tolerably  accurate  idea  of  the  quantity  of  earthy 
phosphates  in  the  urine  by  invariably  employing  the  same  volume 
of  urine,  IOC.  C,  for  example,  and  observing  the  quantity  of  pre- 
cipitate which  is  thrown  down  on  the  addition  of  an  alkali.  I  shall, 
in  the  Third  Section,  call  attention  to  the  experience  of  Beneke 
on  this  subject. 

The  quantity  of  earthy  phosphates  varies  considerably  both  in  the 
urine  of  health  and  disease  ;  on  this  point  Beneke  has  made  a 
great  number  of  observations.  (See  Beneke,  Der  Phosphorsaure  und 
oxalsaure  Kalk.  Gottingen,  1850.)  Lehmann  found  that  under  a 
mixed  diet  the  average  quantity  of  earthy  phosphates  discharged 
with  the  urine  in  twenty-four  hours  was  1*093  gramme  ;  Lecanu,  on 
the  other  hand,  makes  the  quantity  vary,  during  the  twenty-four 
hours,  from  0*029  to  1*960  gramme.  The  amount  of  phosphates 
in  the  urine  seems  to  bear  a  very  close  relation  to  the  nature  and 
quantity  of  the  food  which  is  taken ;  it  is,  for  iuvstance,  much 
greater  under  a  purely  animal  than  under  a  vegetable  diet.  Lehmann, 
in  the  twelve  days  during  which  he  lived  solely  upon  animal  food, 
passed  an  average  of  3*562  per  cent,  of  phosphates  in  twenty-four 
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hours.  The  quantity  of  the  phosphate  of  Hme  is  often  considerably 
diminished  in  the  urine  of  young  children  and  of  women  in  the 
puerperal  state.  In  the  latter,  indeed,  and  particularly  in  the  sixth  to 
eighth  month  of  pregnancy,  it  often  happens,  that  the  urine  con- 
tains no  lime. 

An  extended  series  of  observations,  which  I  made  in  the  case  of 
four  healthy  young  men,  concerning  the  separation  of  the  earthy  phos- 
phates, gave  the  following  results : — 

1.  From  0"9441  to  J '012  gramme  was  the  average  amount  (in 
fifty-two  observations)  of  earthy  phosphates  passed  during  twenty- 
four  hours  by  adult  men  of  twenty  to  twenty-five  years  of  age,  under 
normal  conditions. 

The  maximum  reached  an  average  of  1'138  to  1'263  ;  once  only 
was  1*554  gramme  passed  in  the  twenty-four  hours. 

The  average  minimum  was  0*8 ;  on  one  occasion  the  minimum 
was  only  0'828  gramme. 

2.  The  average  quantity  of  phosphate  of  lime  found,  in  fifty-two 
observations,  was  0*31  to  0*37  gramme.  The  maximum  (mean) 
quantity  was  between  0'39  to  0*52 ;  it  once  reached  to  0*616  gramme. 

The  minimum  was  tolerably  constant  0*25;  once  only  was  it 
0*15  gramme. 

3.  The  average  amount  of  phosphate  of  magnesia  in  fifty-two 
observations  was  0*64  gramme.  The  average  maximum  quantity 
was  0*77;  once  only  it  reached  to  0*938.  The  mean  of  the 
minimum  quantity  was  0*5  ;  the  minimum  in  one  case  was  as  low 
as  0*178  gramme. 

4.  Under  normal  conditions  of  the  body,  an  average  of  about 
3  eq.  of  2  Mg  0,  P  O5  was  passed  with  the  urine  for  each  equivalent 
of  3  Ca  0,  P  O5.  100  parts  of  the  phosphates  contained  an  average 
of  about  67  per  cent,  of  phosphate  of  magnesia,  and  33  per  cent,  of 
phosphate  of  lime. 

5.  Salts  of  hme,  taken  by  the  mouth,  either  do  not  pass  away  at 
all  with  the  urine,  or  only  in  very  small  quantities ;  the  amount 
therefore,  of  the  normally  secreted  phosphates  is  not  appreciably  in- 
creased by  their  ingestion. 

6.  In  diseases,  the  absolute  quantity  of  earthy  phosphates  differs 
considerably  from  the  normal  standard,  and  so  also  does  the  relative 
proportion  between  the  phosphates  of  Hme  and  magnesia. 

Tests. — There  is  no  difficulty  in  ascertaining  the  presence  of 
phosphoric  acid  in  acid  urine.  The  precipitate  of  earthy  phosphates, 
which  is  immediately  thrown  down  on  the  addition  of  ammonia,  is  a 
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sure  test  of  its  presence.  We  can  also  readily  discover  whether  or 
not  the  urine  contains  other  phosphates,  besides  the  precipitated 
phosphates  of  lime  and  magnesia,  by  filtering  the  precipitate  which 
is  thrown  down  by  the  ammonia,  and  testing  the  filtrate,  after  it  has 
been  made  acid  by  acetic  acid,  with  a  small  quantity  of  perchloride 
of  iron ;  if  a  whitish-yellow  precipitate  be  thereby  thrown  down,  the 
presence  of  some  other  phosphate  in  the  urine  is  indicated.  The 
earthy  phosphates  are  found  in  the  form  of  sediment  in  alkaline 
urine,  and  will  be  therefore  spoken  of  under  the  head  of  Sediments. 
In  order  to  separate  the  lime  from  the  magnesia  in  the  precipitate 
which  is  thrown  down  by  ammonia,  and  which  consists  of  phosphate 
of  lime  and  ammonio-phosphate  of  magnesia  and  the  precipitate  is 
dissolved  in  acetic  acid,  a  little  chloride  of  ammonium  added,  and 
then  a  solution  of  oxalate  of  ammonia,  which  precipitates  the  lime 
in  the  form  of  an  oxalate ;  the  magnesia  remains  in  solution,  and 
may  be  afterwards  precipitated  from  the  filtrate  by  ammonia  in  the 
form  of  ammonio-phosphate  of  magnesia. 


section  xvi. 
Iron. 

A.  Occurrence. — Iron  is  rarely  found,  except  in  the  ash  of  urine, 
and  then  only  in  exceedingly  small  quantity.  According  to  Dr. 
Harley,  it  is  a  constant  constituent  of  urohsematine,  which  leaves  an 
ash  of  nearly  pure  oxide  of  iron  when  strongly  heated.  Iron  may 
be  readily  obtained  from  the  ash  of  urine  which  contains  blood ;  and 
this  fact  was  been  made  use  of  as  being  demonstrative  of  the  exist- 
ence of  blood  in  the  urine,  when  its  presence  could  not  be  shown 
microscopically — there  being  no  corpuscles  visible  in  it.  This  test 
is,  however,  a  very  unsafe  one  in  several  respects,  for,  when  prepara- 
tions of  iron  have  been  taken  by  the  mouth,  the  urine  often  contains 
a  quantity  sufficient  to  make  its  presence  immediately  recognisable 
by  ordinary  reagents ;  and  then,  again,  in  other  cases,  iron  is  found 
only  in  very  small  quantity  in  the  ash. 

B.  Chemical  characters. — Sulphide  of  ammonium,  added  to 
solutions  of  protoxide  and  peroxide  of  iron,  throws  down  a  black 
precipitate  of  sulphuret  of  iron,  which  is  readily  soluble  in  hydro- 
chloric and  nitric  acids. 
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2.  Ferrocyanide  of  potassium,  added  to  a  solution  of  peroxide  of 
iron,  occasions  a  deep-blue  precipitate  of  ferrocyanide  of  iron 
(Prussian  blue)  Cfy  3  +  4  Te.  The  precipitate  which  it  forms  in 
solutions  of  protoxide  of  iron  is  of  a  bluish- white  colour,  and  consists 
of  ferrocvanide  of  potassium  and  iron  (K,  Fe  3,  Cfy  2). 

3.  Sulphocyanide  of  potassium  does  not  affect  solutions  of  the 
protoxide  of  iron,  but  it  produces  an  intensely  red  colour  of  sulpho- 
cyanide of  iron  in  solutions  of  the  per-salts. 

4.  If  a  solution  of  permanganate  of  potash  is  added  to  an 
acid  solution  of  a  salt  of  the  protoxide  of  iron,  the  protoxide  passes 
wholly  into  a  state  of  peroxide ;  and  when  this  stage  of  the  process 
is  attained,  a  few  drops  more  of  the  solution  of  permanganate  of 
potash,  added  to  the  mixture,  impart  to  it  a  beautiful  red  colour, 
10  (reO,S03)+8S03+KO,Mn,  07  =  5  (Fe^  03,3s  OJ-i-KO, 
SO3  +  2  (MnO,  SO3). 

c.  Tests. — Eor  testing  and  ascertaining  the  presence  of  iron  in  the 
urine,  the  ash  obtained  from  the  urine  is  always  employed.  The  ash  is 
dissolved  in  a  Httle  hydrochloric  acid,  and  the  solution  divided  into 
two  portions.  One  portion  is  boiled  with  a  drop  of  nitric  acid,  and  sul- 
phocyanide of  potassium  then  added  to  it ;  thereupon,  if  only  the 
smallest  quantity  of  iron  be  present,  the  fluid  will  assume  a  reddish 
colour,  and  if  a  considerable  quantity  of  it,  a  deep  dark-red  colour. 
When  mere  traces  of  iron  are  present,  the  change  of  colour  is  best 
observed  by  placing  the  tube  over  a  white  ground  and  inspecting  it 
from  above.  If,  instead  of  sulphocyanide  of  potassium,  we  add  to 
the  second  portion  of  the  fluid — after  boiling  it  with  nitric  acid  and 
diluting  it — ferrocyanide  of  potassium,  we  shall  find  that  in  a  short 
time  blue  flocculi  of  Prussian  blue  separate  in  it;  and  if  the  quantity 
iron  be  considerable,  the  Prussian  blue  will  be  immediately  thrown 
down  of  a  beautiful  colour. 


SECTION   XVII. 

Ammoniac AL  Salts. 


The  determination  of  the  presence  of  ammoniacal  salts  in  normal 
urine  is  attended  with  much  difficulty.  "We  well  know  how  readily  the 
colouring  and  extractive  matters  of  the  urine  undergo  decomposition, 
and  how  easily  the  urea  passes  into  carbonate  of  ammonia,  especially 
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when  the  other  matters  (mentioned  above)  are  also  present  in  it. 
This  is  doubtless  the  reason  why  opinions  differ  so  much  concerning 
the  origin  and  the  quantity  of  ammonia  present  in  healthy  urine. 
Ammonia  is  always  found  in  the  products  of  the   distillation  of 
healthy  urine,  which  has  an  acid  reaction,  however  low  the  tempera- 
ture at  which  the  distillation  is  effected;  and   yet  the  remaining 
concentrated   urine  is   often  found  to   redden   htmus,   even   more 
strongly  than  it  did  at  first.     This  apparently  contradictory  pheno- 
menon may  be  thus  explained : — The  acid  phosphate  of  soda  of  the 
urine,  when  heated,  causes  decomposition  of  the  urea,  in  consequence 
of  which  ammonio-phosphate  of  soda  is  formed.     Now  this  salt 
•       has  the  property,  even  at   100*^  C.   (212°  Tahr.),  of  giving  oft' 
^  "^      ^'-      ammonia,  and  returning  again  to  the  state  of  acid  phosphate  of  soda. 
^"  n:^      \      Consequently,  so  long  as  the  distillation  continues,  the  acid  phos- 
1      phate    of    soda   acts    upon    the   urea;    and   the   urine    therefore 
V  always  retains  its   acid  reaction,   whilst   a   considerable   quantity 
of  ammonia  is  found  in  the  distillate. 

With  a  little  care,  however,  the  presence  of  small  quantities  of 
ammoniacal  salts  in  healthy  urine  may  be  ascertained  with  certainty ; 
the  investigations  of  Heintz,  of  Boussingault,  and  of  myself,  leave 
no  doubt  on  this  point. 

To  show  the  presence  of  ammoniacal  salts  in  acid  urine,  freshly 
passed  healthy  urine  is  precipitated  by  a  solution  of  sugar  of  lead, 
mixed  with  acetate  of  lead,  filtered,  and  the  filtrate  treated  cold  in  a 
flask  with  milk  of  lime.  The  flask  is  then  closed  with  a  stopper, 
to  which  a  piece  of  moistened  turmeric-paper  is  attached.  This  test- 
paper  quickly  becomes  brown.  Whence  comes  the  ammonia  thus 
eliminated  in  the  cold  by  milk  of  lime  ?  Urea  is  not  decomposed 
in  the  cold  by  milk  of  lime ;  nor  are  the  pigment  and  extractive  mat- 
ters separated  by  oxide  of  lead.  Consequently/,  we  must  consider  it  as 
demonstrated,  that  freshly -passed  healthy  urine  contains  ammoniacal 
salts,  at  least  until  some  body  is  discovered  in  normal  urine  {preci/pi- 
tated  with  sugar  of  lead  and  acetate  of  lead),  which  is  capable  of 
being  decomposed  in  the  course  of  a  few  seconds  by  milk  of  lime,  in 
the  cold,  with  evolution  of  ammonia.  I  made  use,  in  my  experi- 
ments, of  Schlossing^s  method.  This  process  is  founded  on  the  fact, 
that  an  aqueous  solution  of  ammonia  allows  the  ammonia  to  pass 
off  in  vapour,  at  an  ordinary  temperature,  and  in  a  comparatively 
short  space  of  time,  when  exposed  in  thin  layers  to  the  action  of  the 
air  in  a  shallow  vessel.     The  ammonia  which  thus  passes  off  may 
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be  fixed  by  a  standard  solution  of  sulphuric  acid,  and  its  quantity 
determined. 

Having  satisfied  myself  of  the  practicability  and  correctness  of 
this  method,  I  proceeded  to  ascertain  the  quantity  of  ammonia 
passed  by  healthy  men  in  24  hours.  My  experiments  show  that  an 
average  of  0*7243  gramme  of  ammonia,  corresponding  with  2*2783 
grammes  of  sal-ammoniac,  was  secreted  by  men  of  from  twenty  to 
thirty-six  years  of  age  during  24  hours.  The  quantity  varied  in 
24  experiments  between  0*3125  and  1*2096  gramme  of  ammonia, 
corresponding  with  1*4272  and  3*8038  grammes  of  sal-ammoniac. 
I  made  my  experiments  on  two  healthy  men  of  twenty  and  thirty- 
six  years  of  age,  and  found  that  the  latter  passed  on  au  average 
the  largest  quantity  of  ammonia  in  the  24  hours. 

The  following  Table  will  show  the  difference : — 

Man  20  years  old.       Man  36  years  old.  Difference. 


N  H3  N  H,  CI.     N  H3  N  H^  CI.    N  H3  N  H,  CI. 
In  24  hours  .  0*6137,  1*9305   0*8351,  2*6361  0*2214,  0*7056 

InlOOOC.C.JQ.gggg^.gggQ    0-5245,  1-6560;  0*1306,  0*4170 
of  urme  .  .  j  '  '  ' 

The  greatest  part  of  the  sal-ammoniac  taken  by  the  mouth  passes 

away  unchanged  with  the  urine. 


section  xviii. 
Silicic  Acid. 

Urine  contains  only  a  very  small  quantity  of  silicic  acid.  The 
following  is  the  process  for  obtaining  it : — A  largish  quantity  of 
urine  is  evaporated  in  a  platinum  or  silver  basin,  and  the  residue 
reduced  to  an  ash.  The  ash  is  mixed  with  an  excess  of  pure  car- 
bonate of  soda  and  potash,  and  fused  for  some  time  in  a  platinum 
crucible.  The  mass  is  then  dissolved  in  water,  the  mixture  acidified 
with  hydrochloric  acid,  and  evaporated  to  dryness  in  a  platinum  dish 
in  a  water-bath.  The  residue  is  washed  with  water,  and  the  siKcic 
acid  remains  behind  in  a  pure  state. 

The  silicic  acid  thus  obtained  is  a  white  powder,  without  taste  or 
smell,  and  feels  gritty  between  the  teeth.  It  is  insoluble  in  water 
and  in  acids,  but  is  completely  dissolved,  leaving  no  residue,  when 
boiled  in  a  solution  of  carbonate  of  soda.    (Signs  of  purity.) 
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ABNORMAL  CONSTITUENTS  OF  THE  URINE. 


SECTION    XIX. 

Albumen. 

Composition : — 

Scherer. 

Mulder. 

In  100  parts  :  Carbon 

.     54-883 

53-5 

Hydrogen 

.       7-035 

70 

Nitrogen 

.     15-675 

15-5 

Oxygen 

1 

22-0 

Sulphur 

22-365 

1-6 

Phosphorus 

J 

0-4 

100-0 
Its  rational  formula  is  not  known. 

A.  Occurrence. — Albumen  is  the  most  important  of  the  different 
materials  required  for  the  maintenance  of  the  body ;  its  serves  for  its 
nourishment^  as  well  as  for  the  restoration  of  the  used-up  tissues. 
It  is  therefore  present  in  large  quantities  in  all  parts  of  the  body, 
and  forms  the  chief  constituent  of  the  blood,  the  lymph,  and  the  chyle, 
of  all  serous  fluids,  and  of  the  liquid  of  cellular  tissues.  Patholo- 
gically, albumen  is  found  in  the  urine,  under  very  various  conditions 
— in  slight,  as  well  as  in  the  most  serious  disorders  of  the  body.  In 
a  perfectly  healthy  state  of  the  body  no  albumen  passes  away  with  the 
urine.  Observation  teaches  us,  that  its  presence  in  the  urine  is  not 
invariably  a  consequence  of  kidney-disease,  for  there  are  periods  in 
the  course  of  many  chronic  and  acute  diseases,  during  which  albumen 
appears  in  the  urine.  Its  occurrence  is  most  constant  in  those 
affections  of  the  kidneys  to  which  the  name  of  ^'  Bright^ s  disease  " 
has  been  given. 

It  is  not  the  object  of  this  book,  nor  is  it  my  intention  to  give  an 
account  of  the  different  diseases  in  connexion  with  which  albumen 
is  found  in  the  urine.  This  much,  however,  is  certain,  that  it  is 
necessary  to  test  for  albumen  every  specimen  of  pathological  urine, 
the  condition  of  which  we  wish  to  investigate ;  for,  as  we  have  seen, 
the  presence  of  albumen  in  the  urine  is  not  associated  with  any  one 
particular  form  of  disease. 

The  presence  of  albumen  in  the  urine  is  not  indicated  by  any 
special  microscopic  characters. 

B.  Chemical  characters. — Albumen  belongs  to  the  class  of  nitro- 
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genous  principles  of  animal  and  vegetable  bodies,  which  Mulder  has 
associated  under  the  head  of  "  proteine-bodies."  All  these  com- 
pounds— albumen,  caseine,  fibrine,  syntonine,  &c. — are  closely  alhed 
in  their  percentage  composition,  and  have  a  great  resemblance  in  their 
chemical  characters,  but  differ  in  their  actual  constitution.  The 
chief  representative  of  this  class  is  albumen,  whose  importance  in 
the  animal  economy  is  great. 

Albumen  presents  itself  to  us  under  various  modified  forms.  Two 
of  its  conditions,  the  soluble  and  the  insoluble,  require  especial 
notice.  We  find  it  in  a  soluble  state  in  all  parts  of  the  body. 
Its  solution  does  not  depend  solely  upon  the  presence  of  water,  but 
is  in  part  attributable  to  the  presence  of  saline  matters,  and  more 
especially  of  a  free  alkali.  When  a  solution  of  pure  albumen  is 
evaporated  in  vacuo,  or  at  a  temperature  of  50*^  C.  (122^  Pahr.), 
the  dissolved  albumen  is  left  as  a  pale-yellow,  translucent  mass, 
which  may  be  easily  reduced  to  a  white  powder.  It  swells  in  water 
to  a  gelatinous  mass,  and  is  only  partially  soluble  in  it;  when, 
however,  a  small  quantity  of  any  alkaline  salt  is  added,  its  complete 
solution  rapidly  takes  place.  The  plane  of  polarisation  is  turned  to 
the  left  by  a  solution  of  albumen. 

The  influence  of  numerous  bodies,  and  sometimes,  indeed,  the 
action  of  the  air  alone,  converts  the  soluble  into  the  insoluble  form 
of  albumen.  Eecently-formed  insoluble  albumen  has  a  whitish 
flocculent  appearance,  is  without  taste  or  smell,  and,  under  the 
microscope,  shows  as  an  amorphous  granular  coagulum.  When  dry, 
it  forms  a  yellow,  horny,  translucent  mass,  which  is  easily  pulverised, 
and  is  insoluble  in  water,  alcohol,  ether,  and  dilute  acids. 

Soluble  albumen  is  coagulated  and  converted  into  the  insoluble 
form  by  most  of  the  acids,  when  they  are  added  to  the  solution  of 
albumen  in  slight  excess.  Organic  acids,  however,  witli  the  exception 
of  tannic  acid,  do  not  precipitate  albumen  from  its  solutions. 

Albumen  exhibits,  with  most  tests,  the  same  characters  as  other 
proteine-bodies.  The  following  phenomena  presented  by  it  are 
worthy  of  note  : — 

1.  Albumen  is  completely  dissolved  when  exposed  to  the  action 
of  a  solution  of  caustic  potash  or  soda  ;  the  solution  has  a  yellowish 
colour,  and  contains  the  albumen  in  an  altered  state.  On  neutral- 
ising the  alkali  with  an  acid,  the  dissolved  albumen  is  thrown  down, 
and  sulphuretted  hydrogen,  proceeding  from  the  sulphur  contained 
in  the  modified  albumen,  is  evolved. 
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2.  Concentrated  acetic  acid,  assisted  by  heat,  also  dissolves  albu- 
men; and  in  this  solution  ferrocyanide  and  ferricyanide  of  potassium 
throw  down  peculiar  precipitates. 

3.  A  violet-red  coloured  fluid  is  produced  when  albumen  is 
heated  with  concentrated  hydrochloric  acid,  and,  better  still,  with 
the  addition  of  a  little  sulphuric  acid. 

4.  Concentrated  nitric  acid  colours  it  yellow  when  heated.  (Xan- 
thoproteic acid.) 

5.  A  solution  of  one  part  of  mercury  in  two  parts  of  nitric  acid 
containing  four  and  a-half  equivalents  of  water  (sp.  gr.  1*41),  is 
the  most  delicate  test  for  albumen,  as  well  as  for  all  proteine-bodies, 
whether  dissolved  or  undissolved.  An  albuminous  fluid,  heated 
with  this  solution  of  mercury  to  from  60^  to  100^  C.  (140*'  to  212*^ 
Fahr.),  becomes  of  an  intensely  red  colour,  which  does  not  disappear 
on  exposure  to  the  air,  or  after  long  boiling. 

6.  Albumen  becomes  of  a  brownish -yellow  when  a  solution  of 
iodine  in  acid  hydriodic  acid  is  added  to  it.  This  reaction  is  espe- 
cially well  observed  under  the  microscope. 

7.  Heated  on  platinum  foil,  albumen  rapidly  becomes  brown — 
swells  up  and  gives  off  an  odour  like  that  of  burnt  horn.  TIk^ 
bulky  carbonaceous  mass  remaining  is  burnt  with  difficulty,  and 
leaves  a  greyish  ash,  consisting  chiefly  of  lime  and  phosphoric  acid. 

8.  Albuminous  bodies  subjected  to  dry  distillation,  as  well  a- 
under  the  influence  of  oxidising  agents,  and  when  undergoing  putre- 
faction, are  decomposed  into  a  number  of  new  compounds — amongst 
others,  into  formic  acid  and  acetic  acid,  into  fatty  acids,  butyric  am 
valerianic,  benzoic  acid,  oil  of  bitter  almonds,  and  into  two  crystal- 
line compounds,  leucine  and  tyrosine. 

9.  A  solution  of  albumen,  heated  in  a  test-tube  over  a  spirit  lamp^ 
becomes  turbid  at  a  temperature  of  about  75*^  to  80^  C.  (167 '^  to 
176<^  Fahr.).  The  coagulation  commences  at  the  surface  of  the 
fluid,  and  then  extends  gradually  downwards  through  the  tube.  A 
white  flocculent  coagulum,  which,  under  certain  circumstances,  is 
more  or  less  coloured,  is  thus  formed,  the  albumen  passing  into  an 
insoluble  form.  Several  points  are  worthy  of  notice  in  reference  to 
this  simple  test: — When  the  solution  of  albumen  is  very  much 
diluted,  the  turbidity  will  often  appear  only  at  a  boihng  heat ;  and 
to  obtain  a  distinct  coagulum,  it  may  be  necessary  to  boil  it  for  a 
long  time,  and  then  allow  it  to  stand.  When  the  fluid  has  a  slightly 
acid   reaction,   and   provided  there  be  no  excess   of  acid  present. 
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complete  coagulation  usually  occurs.  But  if  the  solution  be  neutral 
or  slightly  alkaline,  heat  often  occasions  merely  a  slight  turbidity, 
even  though  a  considerable  quantity  of  albumen  is  present.  In  such 
case,  the  albumen  remains  in  solution  with  the  alkali.  If,  however, 
before  heating  the  solution,  acetic  acid  is  added  to  neutralise  the 
alkali,  the  albumen  is  completely  coagulated  and  thrown  down  in 
large  flocculi.  Care  should  be  taken  not  to  add  an  excess  of  the 
acid,  because  albumen  is  more  or  less  dissolved  by  free  acetic  acid 
during  the  boiling. 

The  coagulum  thus  obtained  is  the  insoluble  form  of  albumen, 
and  comports  itself,  in  relation  to  solvents,  acids,  and  alkalies,  as 
above  described.  When  heated,  and  particularly  when  boiled,  it  is 
dissolved  by  acetic  and  hydrochloric  acids, — the  latter  acid  giving  it 
a  reddish-blue  colour. 

10.  Dilute  nitric  acid  added  to  albuminous  solutions  throws  down 
a  white  precipitate  of  nitrate  of  albumen,  which  is  soluble  in  a  large 
quantity  of  water — an  important  fact.  Other  mineral  acids  produce 
a  like  effect. 

11.  Strong  alcohol  produces  complete  coagulation  of  albumen  in 
solution.  Dilute  alcohol  occasions  a  precipitate,  but  does  not 
convert  the  albumen  into  its  insoluble  form. 

12.  Most  of  the  metaUic  salts,  and  likewise  alum,  occasion  dif- 
ferently constituted  precipitates.  The  precipitate  caused  by  subli- 
mate of  mercury  is  of  especial  interest. 

13.  Sugar  and  concentrated  sulphuric  acid  become  of  a  beautiful 
red  colour  with  all  proteine-bodies,  just  as  happens  in  the  case  of 
gallic  acid.     (See  GaUic  Acid.)     Schultze. 

14.  An  albuminous  solution  turns  the  plane  of  polarisation  to  the 
left.  Hoppe  availed  himself  of  this  property  of  albumen  for  its  quan- 
titative determination.  The  divergence,  which  is  proportional  to  the 
degree  of  concentration,  is  as  marked  as  in  the  case  of  a  solution  of 
grape-sugar  of  similar  percentage. 

15.  Albuminous  bodies,  treated  with  a  solution  of  sulphate  of 
copper,  and  heated,  after  the  addition  of  caustic  soda  or  potash, 
imparts  to  the  solution  a  beautiful  violet  colour.  The  reaction  does 
not  take  place,  or  at  all  events  is  imperfect,  if  the  alkali  is  added 
before  the  salt  of  copper. 

c.  Teds. — The  presence  of  albumen  in  the  urine  is  ascertained  by 
a  very  simple  process,  which,  if  carefully  performed,  leads  to  positive 
results.     The  reaction  of  clear  or  previously  filtered  urine  is  first 
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tried,  and  a  test-tube,  half  full  of  it,  is  then  heated  over  a  spirit 
lamp.  If  it  contains  albumen  and  has  an  acid  reaction,  the  surface 
of  the  urine  becomes  turbid  when  the  heat  exceeds  70°  C.  (158^^ 
Eahr.),  and  coagulation  of  the  albumen  quickly  follows.  If  the 
urine  be  either  neutral  or  alkaline,  the  coagulation  will  not  take 
place,  for  reasons  above  given,  or  there  will  be  at  most  only  a  milky 
turbidness.  But  if  before  heating  we  add  to  the  urine  a  httle  acetic 
acid,  carefully  avoiding  an  excess,  a  flaky  coagulation  will  take  place 
in  the  urine  when  boiled.  If,  again,  the  urine  be  very  acid,  and 
contains,  for  instance,  free  hydrochloric  or  nitric  acid,  which  may 
readily  happen  when  these  acids  have  been  taken  internally,  boiling 
may  fail  to  produce  coagulation  of  the  albumen.  To  obtain  the 
albumen  in  such  case  the  urine  must  be,  first  of  all,  sufficiently 
neutralized  with  very  dilute  ammonia.  When  all  these  precautions 
have  been  taken,  if  we  obtain,  on  boiling  the  urine,  a  turbidity  or 
precipitate,  which  on  cooling  is  not  dissolved  by  nitric  acid,  we  may 
consider  the  absence  of  albumen  in  it  demonstrated. 

Cases,  however,  are  occasionally  met  with,  in  which  a  precipitate 
is  formed  on  boiling  the  urine  (particularly  if  the  urine  is  only 
slightly  acid  or  neutral),  but  in  which,  nevertheless,  no  trace  of 
albumen  is  present.  Such  precipitate  consists  of  phosphatic  earths, 
which  in  shghtly  acid  urine  are  generally  held  in  solution  by  the 
free  carbonic  acid.  On  the  expulsion  of  the  gas  by  boiling,  the 
phosphates  are  precipitated  in  a  flocculent  form,  and  can  then 
scarcely  be  distinguished  by  the  eye  from  coagulated  albumen.  All 
doubt  as  to  its  nature  is  immediately  removed  by  the  addition  of  a 
few  drops  of  dilute  hydrochloric  acid  to  the  urine  (when  cooled),  in 
which  the  precipitate  is  suspended.  If  the  precipitate  consists  of 
phosphates  it  will  immediately  disappear,  and  leave  the  fluid  clear, 
but  if  of  albumen,  it  will  remain  unchanged.  This  state  of  the 
urine  very  frequently  occurs,  and  therefore  the  subsequent  testing 
with  nitric  acid  should  never  be  omitted,  whenever  any  slight  tur- 
bidity results  from  boiling. 

A  second  specimen  of  the  clear  or  previously  filtered  urine  is 
treated  with  one-fourth  its  volume  of  pure,  moderately-concentrated, 
nitric  acid.  A  distinct  turbidity  of  the  fluid  thereupon  results,  if 
only  a  very  small  quantity  of  albumen  be  present,  and  a  dense  white 
precipitate  if  the  quantity  be  considerable. 

The  test  witli  nitric  acid  may,  according  to  Heller,  be  also  applied  in  the 
following  very  neat  way : — A  little  pure  concentrated  nitric  acid  is  poured 
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into  a  champagne-glass,  and  the  urine  to  be  tested  then  allowed,  by  means 
of  a  pipette,  to  run  down  the  side  of  the  glass  and  spread  over  the  surface 
of  the  acid.  When  this  is  carefully  done,  the  urine  floats  on  the  surface  of 
the  acid,  and  their  admixture  takes  place  slowly  and  gradually.  In  most 
cases,  an  intensely  red,  violet,  or  blue  ring — the  reaction  of  uroxanthine — 
presents  itself  at  the  point  of  contact  of  the  two  fluids.  The  observer  must 
not  consider  this  play  of  colours  as  a  bile-pigment  reaction,  unless  a  green 
colour  is  distinctly  visible  under  the  blue.  If  the  urine  contains  mere 
traces  of  albumen,  this  test  exhibits  at  the  part  where  the  fluids  come  in 
contact  a  circular  turbidity  well  defined  above  and  below.  This  reaction 
lasts  for  some  length  of  time  ;  but  the  coagulated  albumen  at  last  sinks  to 
the  bottom  of  the  glass.  A  turbidity,  which  at  the  first  glance  seems  of  a 
similar  nature,  may  occur,  when  the  urine  is  rich  in  urates.  In  this  case, 
also,  a  riug-shaped  turbidity  is  formed  ;  but  the  ring  is  placed  higher  than 
the  position  of  the  albuminous  ring.  The  lower  and  also  well-defined  border 
lies  higher  than  the  point  of  contact  of  the  two  fluids,  and  generally  also 
higher  than  the  upper  border  of  the  albumen  turbidity;  moreover,  it  is  not 
well-defined  above,  but  vanishes  gradually  towards  the  surface  of  the  urine. 
If  the  urine  contains  albumen,  and  at  the  same  time  a  large  quantity  of 
urates,  two  rings  may  be  formed — a  lower  albuminous  ring,  which  is  gene- 
rally separated  by  a  clear  layer  from  the  upper  stratum  of  turbidity  formed 
by  the  urates.  In  such  case,  it  is  better,  previously  to  testing,  to  dilute  the 
urine  with  two  or  three  parts  of  water,  in  order  to  prevent  the  reaction  with 
the  urates,  or  at  least  to  reduce  it  to  a  minimum.  Turbidity  caused  by 
urates  also  disappears  when  the  urine  is  gently  heated,  and  all  doubts  as 
to  its  nature  are  thereby  at  once  removed.  In  very  concentrated  urine  a 
precipitate  of  nitrate  of  urea  may  also  take  place ;  but  it  is  of  a  crystalline 
form,  and  immediately  disappears  on  the  addition  of  water. 
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Pibrine — another  of  the  proteine-bodies — is  sometimes  met  with  in 
the  urine,  appearing  in  the  form  of  large  coagula,  particularly  in 
acute  inflammations  of  the  kidneys  and  urinary  passages.  Urine  of 
this  nature  always  contains  blood,  and  is  consequently  albuminous 
also.  The  peculiar  tubular  cylinders,  which  Prerichs  regards  as  com- 
pressed fibrinous  coagula,  will  be  treated  of  under  the  head  of  Sedi- 
ments. 

Cases  are  also  occasionally  met  with  in  which  fibrine  is  separated 
from  the  urine,  partly  in  gelatinous  masses,  and  partly  as  granular 
or  thread  particles. 
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The  presence  of  caseine  in  the  urine  has  not  yet  been  distinctly 
shown. 

Proteine  bodies  also,  differing  in  their  characters  from  ordinary 
proteine,  are  sometimes  found  in  the  urine.  Thus  Dr.  Bence  Jones 
(Annal.  d.  Chem,  u.Fharm.  Bd.  67,  pp.  97-105)  relates  the  case  of 
a  man  suffering  from  mollities  ossium,  in  whose  urine  he  found, 
together  with  urinary  casts,  a  peculiar  albuminous  substance,  which 
was  soluble  in  boiling  water,  precipitated  by  nitric  acid,  and  then  re- 
dissolved  when  heated,  separating,  however,  from  the  fluid  as  it 
cooled.  Its  behaviour,  when  subjected  to  the  other  tests  for  albumen 
above-mentioned— such  as  acetic  acid,  ferrocyanide  of  potassium, 
and  concentrated  hydrochloric  acid, — ^proved  it  to  be  a  proteine- 
compound ;  but  its  pecuUar  action  with  water  and  nitric  acid  forbid 
us  classing  it  either  under  the  head  of  albumen  or  caseine — at  least 
so  long  as  we  are  unable  artificially  to  induce  albumen  or  caseine  to 
undergo  this  peculiar  modification. 

Baylon  describes,  under  the  name  of  '  albuminose,'  an  albuminous  sub- 
stance which,  according  to  him,  is  also  present  in  healthy  urine.  This  sub- 
stance, Mialhe  tells  us,  conducts  itself  in  reference  to  albumen  as  does 
glucose  to  amylum  (?).  Albuminose  is  precipitated  by  tannin  and  several 
metallic  salts,  but  not  by  heat,  or  acids,  or  alkalies.  It  is,  as  asserted, 
always  present  in  healthy  urine,  and  also  in  its  abnormal  states.  In  a 
case  of  Bright's  disease,  however,  in  which  the  urine  contained  much  albumen, 
no  albuminose  was  found.  Baylon  pointed  out  tartrate  of  copper  as  being 
a  very  sensitive  test  of  albuminose.  The  urine,  after  the  addition  of  a  few 
drops  of  potash-ley,  is  boiled,  filtered,  and  a  solution  of  tartrate  of  copper 
added,  until  the  mixture  assumes  a  lightish  blue  colour.  In  the  course  of 
an  hour  or  two  the  tartrate  of  albuminose  (?)  is  precipitated;  it  may  be 
re-dissolved  by  heat,  but  again  separates  as  the  fiuid  cools.  ( Canstatt's 
Jahreshericht    1860,  p.  270.) 


section  xxi. 

Diabetic  Sugar. — Geape  Sugae. 

Composition. — In  100  parts  :— 

Anhydrous— Carbon      .     .     40'00  Cry  staUised— 36-36 

Hydrogen      .       6-66  7*07 

Oxygen     .     .     53-34  56-57 

100-00  100-00 

Formula  :  C,,  H,,  O,,  C,,  H^,  0,,+  2  H  O 
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A.  Occurrence. — Grape-sugar,  which  is  perfectly  identical  with 
sugar  of  urine,  is  found  extensively  distributed  throughout  the  vege- 
table kingdom.  It  is  also  found  normally  in  animals,  and  in  some 
of  tlie  fluids  of  the  body  in  its  diseased  conditions.  It  is,  for 
instance,  always  present  in  the  contents  of  the  small  intestines  and 
in  the  chyle,  after  saccharine  or  amylaceous  food  has  been  taken ;  in 
tlie  hen's  Q^^y  whether  hatched  or  unhatched,  and  in  the  yolk  as 
well  as  in  the  white  3  and  also  in  the  amniotic  and  allantoic  fluids  of 
cattle,  sheep,  and  pigs,  and  in  the  liver.  Sugar,  again,  has  been 
frequently  found  in  the  blood,  and  particularly  in  the  blood  of  the 
hepatic  veins.  According  to  Lehmann's  latest  observations,  the 
blood  of  the  vena  portse  contains  no  sugar;  consequently,  the 
formation  of  the  sugar  must  take  place  in  the  parenchyma  of  the 
liver. 

As,  then,  there  is  no  doubt  that  sugar  is  normally  formed  in  the 
body,  and  that  its  appearance  in  any  of  the  excretions  is  abnormal, 
except,  perhaps,  in  the  merest  traces,  we  are  necessarily  led  to  the 
conclusion  that  it  gradually  undergoes  further  changes  in  the  body, 
passing  through  several  intermediate  forms  with  which  we  are  not 
yet  acquainted,  and  that  it  is  at  last  completely  oxidised,  and  passes 
away  from  the  body  in  the  form  of  water  and  carbonic  acid. 

The  numerous  researches  of  Briicke  seem  clearly  to  show  that 
healthy  urine  frequently  contains  traces  of  sugar.  The  sugar,  how- 
ever, only  appears  in  large  quantities  in  cases  of  diabetes  mellitus, 
and  in  such  cases  is  found  to  be  increased  also  in  the  blood,  the 
matters  vomited,  the  saliva,  the  sweat,  &c.  In  other  diseases  sugar 
is  also  occasionally  found,  as  for  example,  in  cases  of  disturbance  of 
the  abdominal  circulation.  Injury  of  certain  parts  of  the  medulla 
oblongata  in  animals  again  will  produce  a  temporary  attack  of 
diabetes.  According  to  Lehmann,  saccharine  urine  is  observed  in 
women  twenty-four  to  forty-eight  hours  after  weaning. 

B.  Microscopical  characters. — Diabetic  sugar  usually  crystallises 
in  confused  masses,  which  have  the  appearance  of  wart-like  conglo- 
merations, and  consist  of  small  plates  grouped  in  a  cauliflower  form. 
These  plates  have  a  rhombic  character.  But  if  the  separation  of 
crystals  takes  place  rapidly  from  a  solution,  the  crystals  appear,  under 
the  microscope,  not  in  the  form  of  plates,  but  of  irregular,  striped, 
and  roundish  masses. 

c.  Chemical  characters. — Pure  grape-sugar  is  white,  and  without 
smell;  its  taste  is  not  nearly  so  sweet  as  that  of  cane-sugar,  neither 
is  it  so  soluble  in  water.     Its  solution  has  no  action  on  vegetable 
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colours ;  it  turns  the  plane  of  polarisation  to  the  right.  It  is  com- 
pletely insoluble  in  ether,  but  moderately  soluble  in  alcohol. 
Crystallised  grape-sugar^  exposed  for  some  time  to  a  heat  of  100®  C. 
(212°  Eahr.)  parts  with  its  water  of  crystalHsation  (2  eqs.).  Cane- 
sugar  exhibits  the  same  action  with  polarised  light ;  its  aqueous  solu- 
tion causes  a  divergence  of  the  rays  to  the  right,  and  herein  it  agrees 
with  crystalline  grape-sugar,  even  to  the  degree '  of  the  divergence. 
When,  however,  the  watery  solution  of  cane-sugar  is  digested  for 
some  time  with  dilute  sulphuric  acid,  the  sugar  takes  a  modified 
form  of  grape-sugar^  whose  solution  causes  a  divergence  of  the  po- 
larised ray  to  the  left.  This  peculiar  property  of  sugar  is  referred  to, 
because  it  has  been  made  of  use  in  the  quantitative  analysis  of  sugar ; 
the  greater  or  less  degree  of  the  divergence  in  equal  volumes  of  the 
saccharine  solution  indicating  the  amount  of  sugar  present  in  it.  It 
is  hardly  necessary  to  say,  that  the  degree  of  divergence  must  be 
previously  determined  in  solutions,  the  amount  of  whose  saccharine 
contents  is  accurately  known. 

2.  Grape-sugar,  when  heated  to  140°  C.  (284°  P.),  is  converted 
into  caramel.  At  a  higher  temperature  it  yields  acid  products  of 
distillation,  and  leaves  a  voluminous  shining  ash,  which  is  burnt  with 
difficulty. 

3.  In  contact  with  nitrogenous  bodies,  and  especially  with  caseine, 
grape-sugar  undergoes  the  lactic  acid-,  and  afterwards  the  butyric 
acid-  fermentation.  In  diabetic  urine,  even  at  a  moderate  tempera- 
ture, though  more  rapidly  at  25°  to  40°  C.  (77°  to  104°  Tahr.),  the 
sugar  turns  to  an  acid,  which,  according  to  circumstances,  is  acetic, 
butyric,  or  lactic  acid. 

4.  Digested  with  nitric  acid,  grape-sugar  is  converted  into  oxalic 
and  saccharic  acids. 

5.  With  many  bases  it  forms  pecuHar  compounds, — so-called 
saccharates : 

a.  Fotash-glucose. —  2  K  0  + Cj^Hj^  Ojg.  This  compound  is 
readily  obtained  by  the  admixture  of  an  alcoholic  solution  of  sugar 
with  a  solution  of  caustic  potash  in  alcohol.  It  is  immediately 
thrown  down  in  the  form  of  white  flocculi,  which,  when  exposed  to 
the  air,  become  tenacious,  adhere  together,  and  take  up  carbonic  acid. 

b.  Lime-gliicose. — This  compound  is  obtained  as  a  white  mass 
w^hen  an  excess  of  caustic  lime  is  added  to  a  solution  of  the  sugar, 
the  mixture  filtered,  and  the  filtrate  treated  with  alcohol. 

c.  Chloride  of  sodium-glucose, — 2  (C.g  H,^  OjJ  Na  CI  +  2  H  0. 
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A  solution  of  grape-sugar,  mixed  with  a  solution  of  chloride  of  so- 
dium, and  allowed  to  undergo  spontaneous  evaporation  in  the  air, 
crystallises  in  large  colourless,  four-sided  double  pyramids.  These 
crystals  are  hard,  and  easily  pulverised ;  they  dissolve  readily  in  water, 
but  with  difficulty  in  alcohol.  They  contain  13*3  per  cent,  of  chlo- 
ride of  sodium. 

6.  A  solution  of  the  sugar,  digested  with  caustic  potash  or  soda, 
becomes  of  a  beautiful  reddish-brown  colour,  and  if  nitric  acid  be 
then  added  to  it,  it  emits  a  pungent,  sweetish  odour,  somewhat  re- 
sembling that  of  caramel  and  formic  acid. 

7.  A  solution  of  indigo-carmine  rendered  alkaline  by  carbonate  of 
soda,  and  boiled  with  a  little  grape-sugar,  becomes  coloured,  if  only 
a  small  quantity  of  sugar  be  present ;  the  solution  is  first  of  all 
green,  then  purple-red,  and  if  more  sugar  be  added,  of  a  red,  and 
lastly,  of  a  yellow  colour.  If  the  hot  yellow  solution  be  now  shaken 
up,  so  as  to  bring  it  under  the  action  of  the  oxygen  of  the  air,  the 
play  of  colours  goes  on  in  an  inverse  course.  The  mixture  takes  a 
purple-red,  then  a  green,  and  lastly,  once  again  a  blue  colour ;  if, 
however,  it  be  allowed  to  stand  for  a  short  time  the  yellow  colour 
will  reappear  (Mulder) .  This  reaction  is  a  very  brilhant  test,  and  is 
capable  of  determining  the  presence  of  a  very  small  quantity  of 
sugar.  If  only  traces  of  sugar  are  present,  of  course  only  a  very 
weak  blue-indigo  solution  must  be  employed. 

8.  When  a  little  caustic  potash  and  a  few  drops  of  a  solution  of 
sulphate  of  copper  are  added  to  a  solution  of  the  sugar,  either  no 
precipitate  is  formed,  or  that  which  is  formed  is  again  re-dissolved, 
and  imparts  a  beautiful  blue  colour  to  the  liquid.  This  fluid,  when 
heated,  takes,  first  of  all,  an  orange-red  colour,  it  then  soon  becomes 
muddy,  and  finally  throws  down  a  dirty  red  precipitate  of  sub- 
oxide of  copper.  The  oxide  of  copper  is,  in  this  process,  reduced  by 
the  alkaline  solution  of  sugar,  and  the  oxygen  which  is  separated 
acts  as  an  oxidising  agent  upon  the  sugar. 

This  reaction  will  take  place,  after  long  standing,  without  the 
apphcation  of  heat  and  even  in  the  cold.  Uric  acid,  hypoxanthine, 
mucus,  &c.,  also,  under  heat,  efiPect  the  reduction  of  oxide  of  copper 
with  separation  of  red  suboxide  of  copper.  It  should,  however,  be 
remarked,  that  many  bodies,  when  present,  prevent  the  separation  of 
the  suboxide  of  copper,  as,  for  example,  albuminous  matters,  such  as 
peptone,  creatine,  creatinine,  pepsine,  trimethylamine,  and  ammonia, 
or  compounds  which  when  heated  with  potash  give  off  ammonia. 
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Fig.  1. 


9.  Fermentation  is  soon  observed  to  commence  in  a  solution  of 
sugar,  to  which  a  little  yeast  has  been  added,  particularly  if  the  fluid 
be  kept  at  a  moderate  degree  of  heat,  12^  to  25^  C.  {53^^  to  77^ 
Eahr.).  The  process  may  be  readily  observed  in  the  following 
way:— 

A  is  a  small  flask,  into  which  the 
sugar  is  introduced  with  the  yeast. 
The  flask  is  made  to  communicate, 
through  the  tube  c,  with  the  flask 
B,  which  is  half-filled  with  lime- 
or  baryta-water.  The  tube  a  is 
closed  above  by  a  bit  of  wax  at  h. 
When  the  mixture  in  a  is  warmed 
to  the  temperature  mentioned,  the 
solution  of  sugar  soon  becomes 
turbid;  a  distinct  scum  forms  on 
its  surface,  and  gas  is  given  ofP. 
This  gas  is  carbonic  acid,  which  is 
separated  in. the  form  of  carbonate 
of  baryta  or  of  lime,  on  being  passed 
through  the  solution  of  lime  or  baryta.  When  the  evolution  of  gas 
ceases,  the  fluid  in  a  becomes  clear,  loses  its  sweet,  and  assumes  a 
vinous,  taste .  The  sugar  is  decomposed  into  alcohol  and  carbonic 
acid. 

When  the  quantity  of  sugar  is  very  small,  the  fermentation-test 
may  be  employed  in  the  way  described  by  Lehmann.  A  long  and 
widish  test-tube  is  filled  to  one-fourth  with  quicksilver,  and  the 
fluid  to  be  tested  slightly  acidulated  with  tartaric  acid,  and  mixed 
with  a  little  well- washed  yeast,  poured  on  it  to  overflowing.  The  tube 
is  closed  with  a  caoutchouc  cork,  through  which  a  narrow  glass  tube 
is  passed  down  into  the  mercury  at  the  bottom  of  the  tube,  its  ex- 
ternal upper  extremity  being  bent  to  an  acute  angle.  This  apparatus 
is  then  warmed  to  a  temperature  of  from  30'^to40^C.  (86'^  to 
104^  Fahr.).  If  the  solution  contains  sugar  capable  of  undergoing 
fermentation,  carbonic  acid  will  very  soon  be  evolved,  and  collecting 
under  the  stopper,  will  force  the  mercury  up  through  the  narrow 
tube.  The  nature  of  the  gas  may  be  at  once  ascertained  by  the 
action  of  lune- water. 

10.  A  solution  of  grape-sugar  treated  with  a  weak  ammoniacal 
solution  of  nitrate  of  silver,  and  boiled  for  a  short  time,  throws  down 
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metallic  silver  in  the  form  of  a  bright  metallic  mirror.  The  reduc- 
tion is  not  prevented  by  the  presence  of  ammonia,  and  may 
therefore  be  of  service  under  certain  circumstances.  It  must  not, 
however,  be  forgotten,  that  many  other  bodies,  such  as  tartaric  acid, 
&c.,  reduce  the  silver  in  a  similar  way. 

11.  A  solution  of  bi-chromate  of  potash,  containing  a  little  free 
sulphuric  acid,  mixed  with  diabetic  urine,  imparts  to  the  mixture, 
when  heated,  a  characteristic  bluish-green  colour.   (Krause) . 

12.  To  test  the  urine  for  sugar,  according  to  Bottcher's  method, 
the  urine  is  poured  into  a  test-glass,  and  mixed  with  an  equal 
volume  of  a  solution  of  carbonate  of  soda  (three  parts  water,  one 
part  crystallised  Na  0,  C  Og) ;  to  tliis  is  added  a  little  basic  nitrate 
of  bismuth,  and  the  whole  then  heated  to  boiling.  If  the  snow- 
white  salt  of  bismuth  now  assumes  the  slightest  shade  of  dark  or 
grey,  the  presence  of  diabetic  sugar  in  the  solution  is  positively 
indicated ;  for,  according  to  Bottcher,  there  is  no  other  constituent 
of  the  urine  which  acts  as  a  reducing  agent  on  this  salt  of  bismuth. 
The  urine,  however,  must  be  absolutely  free  from  albumen ;  for  if  it 
is  present,  black  sulphuret  of  bismuth  readily  forms  and  may  create 
confusion.  This  test  also  serves  to  distinguish  cane-  from  grape- 
sugar,  as  cane-sugar  does  not  occasion  a  similar  reduction. 

D.  Tests. — Different  methods  are  employed  for  testing  the  pre- 
sence of  sugar  in  the  urine,  according  as  the  quantity  of  sugar  which 
it  is  supposed  to  contain  is  greater  or  less.  If  the  quantity  of  urine 
passed  in  the  twenty-four  hours  is  large,  for  example  four  or  five 
litres — if  the  colour  is  greenish-yellow,  and  the  specific  gravity  high, 
above  1*020,  the  urine  to  be  tested  is  most  probably  diabetic.  In 
such  a  case  the  presence  of  the  sugar  is  easily  shown,  for  diabetic 
urine  comports  itself  with  almost  all  tests,  as  a  pure  solution  of 
sugar.  When,  therefore,  the  urine  is  free  from  albumen,  which 
must  be  previously  determined  (Sect.  19),  the  different  tests  for  grape- 
sugar  may  be  directly  employed.  If  albumen  be  present,  it  must 
be  separated  according  to  the  directions  given  (Sect.  19).  In  testing 
for  sugar  we  proceed  as  follows : — 

I.  Fifteen  to  twenty  drops  of  the  urine  are  diluted  with  4  to  5 
C.  C.  of  water,  \  C.  C.  of  caustic  soda  or  potash  added,  and  a  very 
dilute  solution  of  sulphate  of  copper  dropped  into  it.  If  sugar  is 
present,  the  precipitate  which  at  first  forms  is  re-dissolved  on 
shaking,  and  the  fluid  becomes  of  a  clear  blue  colour.  This  blue 
solution  is  then  heated  nearly  to  boiling,  whereupon  a  yellow  cloud 
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forms,  which  soon,  and  without  further  heat,  is  followed  by  a  separa- 
tion of  yellow  or  red  suboxide  of  copper.  Care  must  be  taken  not 
to  heat  the  mixture  of  urine  and  potash-ley  before  the  addition  of  the 
copper- solution,  as  thereby  the  sugar,  and  especially  if  the  quan- 
tity of  it  is  small,  may  be  so  altered  as  to  be  rendered  incapable  of 
reduction  by  the  copper  salt. 

A  second  mixture,  similarly  prepared,  is  left  at  rest  for  six  to 
twenty-four  hours,  without  being  heated,  and,  if  sugar  is  present  in 
it,  a  separation  of  suboxide  of  copper  will  also  take  place.  This 
counter-test  is  of  importance,  and  should  never  be  omitted ;  for  most 
of  the  bodies,  which  (like  sugar)  reduce  the  solution  of  copper, 
require  heat  or  long  boiling  for  the  reduction.  Diabetic  sugar,  on 
the  other  hand,  reduces  the  copper  without  heat. 

2.  A  second  specimen  of  the  urine  is  diluted  with  an  equal 
quantity  of  carbonate  of  soda  solution,  a  small  quantity  of  tris- 
nitrate  of  bismuth  added  to  it,  and  the  mixture  boiled  for  a  long 
time.  A  complete  or  partial  reduction  of  the  oxide  of  bismuth  will 
follow,  according  to  the  amount  of  sugar  present,  and  consequently 
a  grey  or  black  colouring  be  produced.  When  the  quantity  of  sugar 
is  small,  only  a  very  little  bismuth  should  be  employed  ;  otherwise, 
the  reduction  being  slight,  it  may  be  concealed  by  the  excess  of  the 
white  salt.  If  the  tested  urine  is  now  left  at  rest,  the  undecom- 
posed  oxide  of  bismuth  first  sinks  to  the  bottom,  and  the  reduced 
bismuth  is  then  distinctly  seen  deposited  upon  it  in  the  form  of  a 
beautiful  black-velvety  ring. 

3.  Another  portion  of  urine  is  poured  into  along  but  narrow  test- 
tube,  a  little  caustic  potash  solution  added,  and  the  fluid  in  the 
upper  part  of  the  tube  heated  to  boiling.  If  sugar  be  present  in 
the  urine  the  boiled  portion  of  the  fluid  becomes  of  a  brownish-red 
colour,  whilst  the  lower  part  of  it  retains  its  original  appearance. 
The  slightest  change  of  colour  may  be  distinctly  observed  in  this 
manner.     This  reaction  is  highly  serviceable  as  a  confirmatory  test. 

Further  proofs  may  be  obtained  by  the  tests  7  and  10,  and 
especially  by  the  fermentation- test,  whicli  may  be  appHed  by  the  aid 
of  the  apparatus  shown  in  Pig.  1. 

The  sugar  may  be  readily  obtained  from  diabetic  urine  in  a  pure  crystal- 
line form  :  for  this  purpose  the  following  processes  are  employed : — 

I.  The  urine  is  evaporated  to  the  consistence  of  syrup  in  a  water  bath, 
and  the  residue  left  at  rest  until  the  sugar  has  become  crystallised  in  the 
form  of  yellowish,  warty  masses.     From  this  crystalline  mass  the  urea  and 
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extractive  matters  are  separated  by  the  aid  of  absolute  alcohol ;  and  the 
sugar  is  then  extracted  from  the  residue  by  boiling  it  with  spirits  of  wine 
and  evaporating  the  solution.  The  sugar  thus  obtained  is  in  a  tolerably 
pure  state,  and  may  be  freed  from  all  trace  of  alcohol  by  repeated  crystalli- 
sation in  water. 

II.  LehmanvbS  Method. — A  spirituous  solution  of  the  sugar  is  first 
obtained  by  evaporation  of  the  urine,  and  by  extraction  with  alcohol.  The 
solution  is  evaporated  to  dryness,  the  residue  dissolved  in  water,  and  the 
watery  solution  saturated  with  chloride  of  sodium.  The  compound  of 
chloride  of  sodium  with  sugar  crystallises  on  evaporation,  and  may  be 
obtained,  after  repeated  crystallisation,  in  the  form  of  clear  translucent 
crystals.  These  crystals  are  dissolved  in  water,  and  carefully  precipitated 
with  sulphate  of  silver.  The  choride  of  silver  is  separated  by  filtration,  and 
the  filtrate  evaporated  to  dryness.  The  sugar  may  now  be  obtained 
chemically  pure  by  extraction  with  alcohol. 

It  must  be  observed,  however,  that  these  processes  only  succeed  when 
there  is  a  tolerably  large  quantity  of  sugar  present  in  the  urine.  Cases 
also  occasionally  occur  in  which  the  sugar  of  the  urine  cannot  be  crystal- 
lised, and  in  which  it  manifestly  difiers  from  glucose,  as  shown  by  the  fact 
of  its  turning  the  plane  of  polarised  light  to  the  left.  In  such  cases  the 
evaporated  urine  always  retains  its  syrupy  consistence,  and  exhibits  no 
trace  of  crystallisation. 

II.  If  the  urine,  when  tested,  does  not  offer  the  characteristics 
here  given,  but  if  on  being  heated  it  reduces  the  copper  solution 
without  producing  any  separation  of  suboxide  of  copper,  and  with 
at  most  only  a  slight  yellowish  coloration  of  the  mixture,  it  is 
necessary,  in  order  to  satisfy  ourselves  of  the  presence  of  sugar,  to 
separate  it  in  as  pure  a  form  as  possible,  before  applying  the  tests 
given  above.  Thus,  for  example,  a  slight  reduction  of  the  copper- 
solution  may  be  produced  by  uric  acid,  when  no  sugar  whatever 
exists  in  the  urine.  And  even  when  the  urine  contains  sugar  the 
test  cannot  be  depended  on,  because  traces  of  suboxide  of  copper 
may  be  produced  through  the  ammonia  which  is  evolved  from  urea 
when  the  urine  is  heated  with  potash.  In  this  case,  however, 
there  is  at  most  only  a  yellow  coloration  of  the  mixture,  without 
any  characteristic  separation  of  suboxide  of  copper;  and  when  the 
solution  is  allowed  to  stand  exposed  to  the  air  it  becomes  blue  again 
on  the  surface  through  oxidation. 

To  avoid  these  different  sources  of  error,  a  large  quantity  of 
urine,  500  to  800  C.  C,  is  taken;  any  albumen  present  removed 
(Sect.  19),  and  the  filtrate  evaporated,  or  if  the  urine  contains  no 
albumen  it  is  filtered  and  evaporated  in  a  water-bath  to  a  thick 
extract,  which  is  set  aside  four  or  six  hours  to  cool.     The  residue  is 
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then  divided  as  finely  as  may  be  with  pounded  pumice-stone,  ex- 
tracted with  alcohol  (90  p.  c),  which  must  be  freely  employed, 
frequently  shaken  with,  and  allowed  to  act  upon  the  extract  for 
some  hours.  An  alcoholic  solution  of  pure  caustic  potash  is  then 
added  to  the  clear  filtered  fluid,  so  long  as  any  separation  follows, 
an  excess  of  it,  however,  being  avoided.  If  any  sugar  is  present, 
the  sugar-potash  is  precipitated  as  an  adhesive,  resinous-like  mass, 
but  always  in  combination  with  other  crystalline  or  flocculent  potash- 
compounds.  After  standing  twelve  hours  the  spirit  of  wine  is  de- 
canted off,  the  precipitate,  whether  flocculent,  crystalline,  or  resinous, 
repeatedly  washed  with  absolute  alcohol,  and  then  dissolved  in 
water,  which,  under  all  circumstances,  is  readily  efiected.  In  most 
cases  the  solution  will  at  once  give  the  required  reaction ;  but  as, 
under  certain  circumstances,  substances  are  present  in  this  potash- 
precipitate  which  are  capable  of  reducing  the  oxide  of  copper,  we 
cannot  even  yet  be  perfectly  sure  of  the  existence  of  sugar  in  the 
urine. 

We  therefore  (as  recommended  by  Lehmann)  throw  down  the 
watery  solution  of  the  potash-precipitate,  accurately  neutralised 
with  acetic  acid,  by  a  slight  excess  of  acetate  of  lead,  filter,  remove 
any  excess  of  oxide  of  lead  with  sulphuretted  hydrogen,  again  filter, 
and  evaporate  the  fluid,  which  is  now  in  most  cases  as  clear  as 
water,  to  dryness  in  a  water-bath.  In  this  way  all  the  sulphuretted 
hydrogen  is  removed.  The  residue  is  dissolved  in  water,  and  the 
test  (No.  I)  applied.  If  it  gives  distinct  results,  we  may  be  sure 
that  sugar  is  present;  as  it  is  scarcely  possible  that  any  other 
substance  can  be  present  in  the  fluid  thus  obtained  which  will 
give  the  sugar-reactions.  In  applying  the  copper-test  the  mixture 
is  allowed  to  stand,  so  that  if  sugar  is  present  the  suboxide  of 
copper  will  be  separated  without  the  application  of  heat.  Only  a 
small  quantity  of  copper- solution  should  be  employed,  so  as  to 
impart  to  the  mixture  merely  a  light  blue  colour. 

The  last  decisive- proof  of  the  presence  of  sugar  is  obtained  by  the 
fermentation-test,  which,  even  when  there  is  only  a  very  small 
quantity  of  sugar  in  the  urine,  gives  very  satisfactory  results,  when 
applied  by  means  of  Lehmann^s  apparatus,  above  described  ("Chemi- 
cal Character,"  No.  9).  If  sugar  is  present  the  fermentation  quickly 
takes  place.  In  order  to  be  sure  that  the  gas  evolved  does  not 
depend  upon  decomposition  of  the  yeast,  it  is  advisable  to  try  a 
counter-test  with  yeast  and  pure  water. 
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Leconte  treats  the  potash-precipitate  in  the  following  way  :  a 
slight  excess  of  tartaric  acid  is  added  to  the  precipitate,  pre- 
viously dissolved  in  the  snjallest  possible  quantity  of  water, 
the  mixture  shaken,  the  bi-tartrate  of  potash  separated  by  fdtra- 
tion,  and  the  filtrate,  when  cold,  treated  with  chalk  until  it  is  per- 
fectly neutral.  The  filtrate  is  then  evaporated  in  a  water-bath, 
and  the  residue  exhausted  with  absolute  alcohol.  If  sugar  is 
present,  this  solution,  on  spontaneous  evaporation,  will  leave  a 
syrup,  which  after  a  long  time,  sometimes  only  after  months, 
deposits  crystals,  which,  indeed,  often  make  up  the  whole  mass. 
But  if  we  are  contented  with  the  fermentation-test,  instead  of  the 
extraction  of  the  sugar,  Leconte  advises  that  the  watery  solution  of 
the  potash-precipitate  should  be  simply  treated  to  saturation  with 
Edilute  sulphuric  acid;  the  sulphate  of  potash  which  separates  on 
jfitanding,  removed  by  filtration,  a  little  water  added  with  the  yeast, 
md  the  fluid  introduced  into  the  apparatus. 

Briicke  makes  use  of  the  following  methods  for  the  finding  of 
sugar  in  healthy  urine  : — 

a.  The  urine,  1000  to  5000  C.  C,  is  first  of  all  precipitated 
with  a  concentrated  solution  of  sugar  of  lead,  filtered,  acetate  of 
lead  added  to  the  filtrate  so  long  as  any  precipitate  is  formed,  again 
filtered,  and  finally  precipitated  with  ammonia.  This  last  precipi- 
tate is  collected  on  a  filter,  washed  with  water,  and  dried  between 
thick  layers  of  bibulous  paper,  which  are  changed  from  time  to 
time.  The  broken-down  caky  mass  is  now  first  of  all  roughly  rubbed 
down  in  a  mortar  with  the  aid  of  distilled  water,  and  a  concentrated 
solution  of  oxalic  acid  then  added,  the  rubbing  in  the  mortar 
being  continually  kept  up  until  a  filtered  specimen  of  the  mixture 
produces  no  turbidity.  The  filtrate  is  then  saturated  with  finely 
divided  carbonate  of  lime,  the  mixture  again  filtered,  the  filtrate 
slightly  acidulated  with  acetic  acid,  evaporated  to  dryness,  and  the 
residue  dissolved  in  a  small  quantity  of  wate*.  To  this  solution 
Briicke  applies  the  ordinary  tests,  as  well  as  the  fermentation-test. 
Dr.  Bence  Jones  does  not  decompose  the  lead-precipitate  as  Briicke 
does,  with  oxalic  acid,  but  in  a  more  simple  manner,  viz.,  bypassing 
sulphuretted  hydrogen  through  the  precipitate  suspended  in  water. 
By  this  method  Dr.  Bence  Jones  found  in  many  samples  of  normal 
urine — 1000  to  5000  C.  C. — notable  quantities  of  sugar  (2  to  3 
grains  in  1000  C.  C.  of  urine). 

b.  The  urine  is  treated  with  strong  alcohol,  so  that  the  mixture 
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may  consist  of  about  ^ths  of  absolute  alcobol.  For  this  purpose  200 
C.C.  of  urine  are  mixed  with  800  to  1000  C.C.  of  alcohol  of  94 
p.  c.  The  mixture  is  allowed  to  st^ind  until  the  precipitate  which 
results  is  deposited,  and  then  filtered  into  a  beaker-glass.  An 
alcoholic  solution  of  potash  is  next  added  guttatim  to  the  filtrate 
(the  mixture  being  continually  stirred),  until  litmus-paper  shows  a 
weak  or  distinctly  alkaline  reaction.  The  beaker-glass,  well  covered, 
is  then  allowed  to  stand  twenty-four  hours  in  the  cool.  The  next 
day  the  fluid  is  carefully  decanted,  the  glass  reversed  on  filtering 
paper,  whereby  the  rest  of  the  fluid  is  absorbed,  and  allowed  to 
stand  in  the  air,  as  long  as  it  gives  off  any  smell  of  alcohol.  The 
bottom  and  also  the  sides  of  the  glass  will  now  be  found  partly 
coated  with  crystals,  which  are  to  be  dissolved  in  a  very  small 
quantity  of  water,  and  the  solution  then  used  for  the  application  of 
the  tests. 

As,  however,  under  certain  circumstances,  uric  acid  may  find  its 
way  into  the  crystalline  mass,  it  is  always  advisable  to  acidulate  the 
watery  solution  of  crystals  with  hydrochloric  acid,  and  allow  it  to 
stand  for  twenty-four  hours,  for  the  purpose  of  separating  any  uric 
acid  which  may  be  present.  The  neutralised  filtrate  is  then  sub- 
jected to  the  copper-,  bismuth-,  and  potash-test,  as  also,  when  pos- 
sible, to  the  fermentation-test. 

In  Bodeker's  process  the  potash  is  first  of  all  separated  from  the 
concentrated  watery  solution  of  the  crystalline  mass  by  means  of  tar- 
taric acid,  any  excess  of  the  latter  being  removed  from  the  filtrate  by 
means  of  carbonate  of  lime,  in  contact  with  which  the  fluid  is  left 
for  some  length  of  time ;  the  tartrate  of  lime  and  any  excess  of  car- 
bonate of  lime  wliich  may  have  been  added,  are  then  separated 
by  filtration,  and  the  solution  obtained  used  for  the  application  of  the 
copper-,  bismuth-,  and  potash-tests. 


APPENDIX. 

section  xxii. 

Alkapton. 


•     Bodeker  found  a  peculiar  substance  in  the  urine  of  a  man,  44 
years  of  age,  who  after  an  attack  of  typhus  suffered  from  repeated 
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attacks  of  cougli  and  expectoration.  This  substance  (to  which  he 
gave  the  name  of  alkapton),  when  an  alkali  is  present,  absorbs  a 
large  quantity  of  oxygen  and  becomes  of  a  brown  colour.  The 
patient  at  the  time  suffered  severe  pains  in  the  back,  passing  down 
to  the  lower  dorsal  vertebrae,  and  thence  round  the  body  as  a  lumbo- 
abdominal  neuralgia.  The  quantity  of  urine  was  about  1500  CO. 
in  the  twenty-four  hours,  its  sp.  gr.  1*020  to  1*025,  and  contained 
not  more  than  1  per  cent,  of  sugar.  On  the  addition  of  caustic- 
potash  the  reddish-yellow  colour  of  the  urine  changed  (from  above 
downwards  in  the  test  tube)  into  a  dark  brown,  a  large  quantity  of 
oxygen  being  at  the  same  time  absorbed,  of  which  fact  Bodeker 
satisfied  himself  by  a  special  experiment.  The  copper  solution  was 
strongly  reduced  by  the  urine. 

Preparation. — The  urine  passed  during  ten  days — 15,000  C.  C. — 
is  precipitated  with  sugar-of-lead  solution,  and  the  filtrate  treated 
with  basic  acetate  of  lead  as  long  as  any  precipitate  falls.  The  filtered 
mixture  is  no  longer  rendered  brown  by  caustic  potash,  but  shows  a 
slight  reaction  of  the  copper  reduction.  Sugar,  however,  is  not 
precipitated  by  acetate  of  lead ;  it  therefore  remains  in  solution  whilst 
the  alkapton  is  thrown  down.  The  lead-precipitate  is  decom- 
posed with  sulphuretted  hydrogen,  and  the  filtrate  as  thus  obtained 
is  evaporated  to  dryness  in  a  water  bath  for  the  purpose  of  separating 
the  hydrosulphuric  acid,  it  is  then  triturated  with  powdered  sulphate 
of  baryta,  and  exhausted  with  ether.  On  evaporating  the  ether  a 
dark  brown  mass  is  left,  in  which,  after  several  days,  crystals  of 
hippuric  acid  are  formed.  On  solution  in  a  little  cold  water  the 
crystals  of  hippuric  acid  are  left,  together  with  a  brown  mass.  The 
watery  filtrate  possesses  in  a  high  degree  the  power  of  reducing 
oxides  of  copper  and  silver  with  caustic  potash,  but  it  is  still  very 
dark.  The  aqueous  solution  is  therefore  once  more  treated  with 
sugar-of-lead  solution,  the  filtrate  precipitated  with  acetate  of  lead, 
and  the  washed  precipitate  then  decomposed  with  sulphuretted 
hydrogen.  The  filtrate,  when  evaporated,  leaves  the  alkapton  in  the 
form  of  a  golden-yellowish,  resinous,  transparent  mass,  without  a 
trace  of  crystallisation.  Heated  with  soda-lime,  much  ammonia  is 
evolved.  The  alkapton  is  soluble  in  all  proportions  in  water  and 
alcohol,  very  slightly  soluble  in  ether  free  from  water,  but  more  so 
in  ether  containing  water. 

The  golden-yellowish  solution  has  a  slightly- acid  reaction,  and 
possesses  the  following  characters  : — 
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1.  Caustic  alkalis,  potash,  soda,  and  ammonia  occasion  in  it 
neither  change  of  colour  nor  precipitate  when  the  air  is  excluded ; 
but  when  oxygen  is  allowed  to  act  on  it  and  the  solution  is  concen- 
trated, the  brownish-yellow  is  invariably  converted  into  a  brownish - 
black  colour. 

2.  Sugar-of-lcad  solution  has  no  effect  on  it;  acetate  of  lea' 
produces  a  well-marked  white  precipitate,  which  on  exposure  to  tin 
air  gradually  assumes  somewhat  of  a  brownish- violet  colour. 

3.  Boiled  with  Fehling's  copper  solution,  changes  occur  in  it  whicli 
vary  according  to  the  relative  amount  of  copper  solution  and  the 
substance  reduced.  If  only  so  much  of  the  copper  solution  be  used 
as  to  give  the  fluid  when  boiled  a  blue  or  merely  a  greyish-blue 
colour,  the  whole  of  the  reduced  suboxide  of  copper  may  remain  in 
solution  and  render  the  mixture  of  a  yellowish  colour.  But  if  the 
solution  is  boiled  with  an  excess  of  copper  solution,  suboxide  of 
copper  will  be  at  once  separated,  at  first  of  a  yellow  and  then  of  a 
beautiful  red. 

4.  Mixed  with  yeast,  the  alkapton  solution  shows  no  sign  of 
fermentation. 

5.  A  drop  of  nitrate- of-bismuth  solution  is  treated  with  an  excess 
of  soda  and  the  mixture  poured  into  two  test-glasses,  to  the  one 
alkapton  alone  is  added,  and  to  the  other  alkapton  mixed  with  a 
trace  of  diabetic  sugar.  When  the  first  test  is  boiled  the  fluid 
merely  becomes  of  a  brownish  colour;  the  oxide  of  bismuth  cer- 
tainly throws  down  somewhat  of  a  brown  mass,  which  is  formed  by 
the  oxidating  action  of  the  air,  but  this  is  not  to  be  compared  with 
the  perfect  reduction  of  the  bismuth  in  the  second  tube,  to  which 
the  sugar  has  been  added.  The  alkapton  also  behaves  like  uric  acid 
in  relation  to  the  copper  solution  and  oxide  of  bismuth  when  an 
excess  of  soda  is  present,  in  so  far  as  that  the  uric  acid  is  able  to 
reduce  the  oxide  of  copper  to  a  state  of  suboxide,  but  not  the  oxide 
of  bismuth.  By  this  character  of  alkapton,  in  addition  to  its 
behaviour  under  the  action  of  oxygen  in  an  alkaline  solution,  we 
are  able  to  distinguish  it  from  sugar,  and  to  ascertain  the  presence 
of  sugar  as  well  as  of  alkapton.  (Annal.  d.  Chem.  u.  Pharm.,  vol. 
117,  page  98.  Zeitschrift  f.  Ration.  Med.  von  Pfeuffer  u.  Henle, 
8rd  Series,  vol.  7,  p.  130.) 
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section  xxiii. 

Inosite. 
Composition : — 

In  100  parts  :  Carbon   ....     40*00 

Hydrogen   .     .     .       6*66 

EormularC*  H.,  O,,  Oxygen       .     .     .     53-34 

Crystallised :  C,,  H,,  O,,  +  4  H  O.  lOO'OO 

A.  Occurrence. — Until  lately  inosite  has  been  found  only  in  the 
flesh  of  muscle.  Cloetta  has,  however,  recently  discovered  this 
remarkable  hydrate  of  carbon  in  the  lungs  (together  with  uric  acid, 
taurine,  and  leucine),  in  large  quantities  in  the  kidneys  also  (with 
cystine  and  hypoxanthine) ;  in  the  spleen  (with  uric  acid,  hypoxan- 
thine,  and  leucine) ;  and  in  the  liver  (with  uric  acid).  Cloetta  also 
distinctly  showed  the  presence  of  inosite  in  the  urine  in  a  case  of 
Bright's  disease ;  he  could  not,  however,  find  it  in  healthy  urine. 
Neukomm  found  inosite  most  abundantly  in  the  brain;  he  also 
met  with  it  in  the  kidneys,  and  in  diabetic  urine  which  contained  a 
large  quantity  of  sugar.  Yohl  met  with  a  case  of  diabetic  urine  in 
which  the  sugar  was  gradually  replaced  by  inosite.  According  to 
Yohl,  inosite  is  identical  with  phaseomannite  discovered  by  him  in 
unripe  beans  {phaseolus). 

B.  Microscopical  characters, — Inosite  usually  forms  cauliflower-like 
crystals,  massed  together,  in  groups;  sometimes,  however,  single 
crystals  are  found  three  to  four  lines  in  length.  These  crystals  belong 
to  the  klinorombic  system.  (Funke,  Vlate  VL  Fig.  6.) 

c.  Chemical  characters. — Inosite  loses  its  water  of  crystallisation  in 
the  air,  and  melts  at  210^  C.  (410^  Fahr.).  It  has  a  distinctly  sweet 
tasfe,  dissolves  readily  in  water,  and  is  insoluble  in  ether  and  alcohol. 

1.  Fused  inosite  hardens  into  needles  when  quickly  cooled,  but 
when  slowly  cooled,  into  a  horny  mass. 

2.  Inosite  does  not  produce  alcohol  when  yeast  is  added  to  it. 
With  putrid  cheese  it  yields  lactic  and  butyric  acids. 

3.  When  a  solution  of  inosite  is  evaporated  with  nitric  acid 
nearly  to  dryness  on  platina,  and  the  residue,  moistened  with  a 
httle  aiomonia  and  a  solution  of  chloride  of  calcium,  again  cautiously 
evaporated  to  dryness,  a  lively  rose-red  colour  appears,  which  is 
visible,  even  though  only  ^  of  a  grain  of  inosite  be  present.  The 
true  sugars  do  not  give  this  reaction. 

4.  When  inosite  is  boiled  with  a  solution  of  acetate  of  copper  in 
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caustic-potash,  reduction  of  the  copper  does  not  take  place,  as  in  the 
case  of  grape-sugar ;  but  a  green  solution  results,  from  which,  after 
a  time,  a  fiocculent,  greenish  precipitate  is  separated,  the  upper  part 
of  the  fluid  becoming  blue.  If  the  precipitate  is  separated  by  filtra- 
tion, and  the  filtrate  again  boiled,  the  same  play  of  colour  will  be 
again  observed.     (Cloetta.) 

5.  Neutral  acetate  of  lead  does  not  throw  down  a  precipitate  with 
solution  of  inosite ;  but  basic  acetate  of  lead  produces  in  it,  when  a 
warmed,  a  transparent  jelly,  which  becomes  white  in  the  course  of 
a  few  minutes,  and  assumes  the  exact  appearance  of  paste.  This  is 
an  excellent  method  whereby  to  separate  inosite  from  animal  fluids. 

D.  Tests. — Inosite,  as  already  observed,  has  been  found  in  the 
urine  of  Bright's  diseafee  and  in  diabetic  urine.  The  urine  to  be 
tested  for  inosite  is  completely  precipitated  with  sugar  of  lead, 
filtered,  and  the  warm  filtrate  treated  with  basic  acetate  of  lead 
as  long  as  any  precipitate  is  formed.  It  is  better  that  the  urine 
should  be  concentrated  to  one-fourth  before  it  is  precipitated.  The 
lead-precipitate  collected  after  twelve  hours'*  standing  is  washed, 
suspended  in  water,  and  then  decomposed  by  sulphuretted  hydrogen. 
After  the  filtrate  has  been  left  at  rest  a  short  time,  a  small  quantity 
of  uric  acid  separates  from  it;  this  is  removed  by  filtration,  and 
the  fluid  so  concentrated  as  to  remain  permanently  turbid  when 
treated  with  an  equal  volume  of  alcohol.  It  is  then  heated  until 
the  turbidity  disappears,  and  allowed  to  stand  one  or  two  days. 
The  crystalline  mass  thus  obtained  is  purified  by  re-crystallisation, 
and  then  subjected  to  the  tests  of  nitric  acid,  ammonia,  and  chloride 
of  calcium,  as  well  as  of  tartrate  of  copper.  When  the  materials  for 
operating  on  are  abundant,  the  other  tests  may  be  employed  as 
confirmatory.  * 


section  xxiv. 

Bile. 

The  bile-pigments  and  the  acids  of  the  bile  are  found  in  the  urine 
in  pathological  states  of  the  body,  as,  for  example,  in  jaundice.  In 
pneumonia  again,  the  bile-acids  have  been  occasionally  met  with  in 
the  urine  unaccompanied  with  the  bile-pigments.  Cholesterine  ap- 
pears to  be  occasionally  present  in  the  urine  in  cases  of  fatty 
degeneration  of  the  kidneys. 
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1.  Bile-Figments. 

Composition  unknown. 

A.  Occurrence. — Bile-pigment  is  found  in  the  bile  under  various 
modified  forms.  It  is  also  met  with  mixed  with  the  contents  of  the 
intestines  and  in  the  excrements.  In  pathological  states  of  the 
body^  and  especially  in  severe  cases  of  jaundice,  it  is  found  in  almost 
all  the  fluids  of  the  body,  and  even  in  the  tissues  themselves. 

Very  httle  is  yet  known  of  the  chemical  nature  of  the  bile-pig- 
ment, although  from  certain  reactions  it  is  clear  that  it  undergoes 
difPerent  modifications,  which  are  probably  the  products  of  the 
transformations  or  oxidation  of  some  one  primitive  substance. 

a.  CJiolepi/rrhine. — Brown-pigment.  —  This  is  the  bile-pigment 
most  frequently  met  with,  and  appears,  indeed,  to  be  the  primary 
form.  Cholepyrrhine  consists  of  a  reddish-brown  powder,  without 
taste  or  smell,  dissolves  with  difficulty  in  water  and  ether,  but  more 
readily  so  in  alcohol.  The  alcoholic  solution,  which  is  originally 
brown,  becomes  gradually  green  when  exposed  to  the  air.  Chole- 
pyrrhine, moveover,  is  soluble  in  alkalies.  The  feebly  alkaline 
spirituous  solution  becomes  of  a  beautiful  green  on  the  addition  of 
hydrochloric  acid;  the  colour  becomes  of  a  bright  blue  on  the 
addition,  guttatim,  of  nitric  acid.  The  colouring-matter  of  fresh 
bile  always  assumes  the  green  form  of  pigment  when  exposed  to  the 
action  of  the  oxygen  of  the  air,  as  well  as  when  treated  with  acids. 
The  action  of  cholepyrrhine,  when  treated  with  nitric  acid  contain- 
ing nitrous  acid,  is  particularly  interesting. 

When  red  fuming  nitric  acid  is  dropped  into  a  solution  of  brown 
pigment,  without  disturbing  the  mixture,  a  zone  of  colours  is  formed 
in  the  lower  part  of  the  fluid,  which  passes  through  the  shades  of' 
green,  blue,  and  violet,  into  red,  and  finally  becomes  of  a  dirty 
yellow.     In  this  process  the  colouring-matter  is  entirely  altered. 

Cholepyrrhine  appears  to  be  chemically  identical  with  the  biliful- 
vine  of  Yirchow  and  Yalentiner.  Bilifulvine  was  found  by  Yirchow, 
partly  crystallised  and  partly  amorphous,  in  the  bile  of  the  dead  body, 
the  bile  having  been  left  for  a  long  time  stagnant  in  the  gall- 
bladder. Yalentiner,  however,  succeeded,  by  means  of  chloroform, 
in  obtaining  from  the  bile  itself,  and  also  from  fluids  containing  bile, 
&c.,  the  substance,  which  exhibited,  under  the  action  of  nitric  acid, 
characteristic  reactions.  On  evaporation  of  the  chloroform-solution, 
the  pigment  was  left  in  the  form  of  beautiful  translucent  reddish- 
jellow  or  ruby-red  crystals.  These  crystals  were,  in  all  respects 
identical  with  the  crystals  of  hsematoidine,  found  in  old  extravasa- 
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tions  of  blood,  a  fact  of  high  physiological  significance.  The 
chloroform  solution,  tested  with  nitric  acid,  exhibits  in  a  beautiful  man- 
ner the  play  of  colours  mentioned  above  as  characteristic  of  bile-sub- 
stances. Hence,  then,  we  possess  in  chloroform  an  excellent  and  certain 
means  of  discovering  the  presence  of  bile-pigment  in  other  fluids,  &c. 

h.  Biliverdine  (green-pigment)  is  the  form  of  pigment  into 
which  cholepyrrhine  often  passes,  and  into  which,  indeed,  it  may  be 
converted.  It  is  a  dark-green  amorphous  substance,  without  smell 
or  taste  :  it  is  slightly  soluble  in  alcohol,  but  insoluble  in  water ;  in 
ether  it  dissolves  with  a  red  colour.  Hydrochloric  and  sulphuric 
acids  in  dissolving  it  become  of  a  green  colour. 

When  a  solution  of  biliverdine  is  precipitated  with  acetate  of  lead; 
and  the  precipitate,  after  washing  and  drying,  is  extracted  witli 
alcohol  containing  sulphuric  acid,  the  alcoholic  mixture  is  found 
when  filtered  tinged  of  a  green  colour. 

A  precipitate  of  a  bluish-green  appears,  when  soluble  albumen  i- 
added  to  a  fluid  containing  biliverdine,  and  nitric  acid  employed  in 
sufficient  quantity  to  produce  its  coagulation. 

The  presence  of  cholepyrrine  in  urine  may  be  shown  even  after 
several  days,  by  the  action  of  nitric  acid,  provided  the  air  be  per- 
fectly excluded.  If,  however,  the  urine  is  heated  in  an  open  basiii^ 
the  brown  pigment  is  gradually  converted  into  biliverdine,  and  its 
presence  can  no  longer  be  shown  by  nitric  acid,  which,  under  such 
circumstances,  fails  to  produce  the  reaction  described. 

c.  Tests, — Urine  containing  bile-pigment  is  always  tinged  of  a 
deep  brown,  reddish-yellow,  greenish-brown,  or  dark  or  grass-green 
colour.  Much  froth  is  formed  in  it  when  shaken ;  and  it  imparts  a 
yellow  or  greenish  colour  to  a  slip  of  filtering  paper  when  dipped  into  it. 

a.  Test  for  cholepyrrhine, — A  conical-shaped  test-glass  is  filled 
with  urine,  and  nitric  acid,  containing  nitrous  acid,  carefully  added 
to  it,  each  drop  of  the  acid  being  allowed  to  trickle  down  from  the 
rim  of  the  glass,  and  great  care  taken  to  prevent  the  fluid  being 
shaken.  If  cholepyrrhine  is  present,  we  find  that  at  the  top  of  the 
glass,  and  particularly  at  the  point  where  the  two  fluids  come  into 
contact,  a  zone  of  colours  is  formed,  which  passes  from  green  into 
blue,  violet,  and  red,  and,  lastly,  into  yellow.  If,  in  consequence 
of  there  being  only  mere  traces  of  the  colouring-matter  present, 
this  reaction  with  nitric  acid  does  not  take  place,  it  may  be  pro- 
duced by  adding  to  the  mixture  equal  parts  of  nitric  and  sulphuric 
acids,  instead  of  nitric  acid ;  or,  according  to  Briicke,  to  make  the 
test  still  more  certain,  by  adding,  first  of  all,  a  few  drops  of  nitric 
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acid  to  the  urine,  so  as  to  give  to  it  a  green  colour,  and  then 
allowing  20  or  30  drops  of  concentrated  sulphuric  acid  to  trickle 
down  into  the  urine  from  the  side  of  the  test-glass,  so  as  not  to 
mix  with  the  urine,  but  to  sink  down  to  the  bottom  of  the  glass. 
The  test,  however,  succeeds  best,  even  though  the  quantity  of  bile- 
pigment  is  very  small,  when  applied  as  follows : — Concentrated 
nitric  acid,  slightly  decomposed  by  exposure  to  the  light,  is  poured 
to  about  an  inch  high  into  a  conical- shaped  test-glass,  and  a  little 
of  the  urine  to  be  tested  carefully  spread  over  its  surface  by  means 
of  a  pipette,  pouring  it  on  the  border  of  the  glass.  If  cholepyrrhine 
is  present  the  play  of  colours  commences  at  the  line  where  the 
fluids  come  in  contact  with  a  beautiful  green  ring,  which  gradually 
extends  upwards,  and  at  its  under  surface  exhibits  a  blue,  violet-red, 
and,  lastly,  a  yellow  ring  (Kiihne) .  It  should,  however,  be  observed, 
that  the  whole  of  these  colours  do  not  invariably  appear ;  violet  and 
green  generally  last  the  longest ;  but  the  green  which  appears  almost 
at  the  commencement  of  the  action  is  alone  demonstrative  of  the 
presence  of  bile-pigment ;  the  red  and  violet  rings  may  be  also  pro- 
duced by  uroxantHne  (indican),  and  the  products  of  its  decom- 
position. (See  Vroxanthine.)  The  presence  of  albumen  in  no  way 
interferes  with  this  test ;  a  portion  of  the  pigment  is  generally  preci- 
pitated with  the  albumen,  which  is  coagulated  by  the  nitric  acid, 
but  it  also  beautifully  shows  the  reaction.  The  nitric  acid  must  not 
contain  too  mach  nitrous  acid,  for  if  it  does  the  reaction  is  violent, 
and  the  play  of  colours  rapidly  passes  away. 

The  slightest  traces  of  bile-pigment  may  be  discovered,  should 
the  above  test  fail,  by  shaking  large  quantities  of  urine  successively 
with  chloroform,  and  pouring  off  the  exhausted  urine.  The  smallest 
quantity  of  cholepyrrhine  present  in  the  urine  is  taken  up  by  the 
chloroform,  which,  when  left  at  rest,  by  reason  of  its  high  specific 
gravity,  rapidly  sinks  to  the  bottom,  of  a  yellowish  colour.  The 
supernatant  urine  is  drawn  off,  and  a  little  nitric  acid  containing 
nitrous  acid  spread  over  the  chloroform  solution.  If  the  slightest 
trace  of  cholepyrrhine  be  present,  the  reaction  will  then  take  place 
(from  above  downwards),  and  in  a  very  brilliant  form.  Another 
portion  of  the  chloroform-solution  is  evaporated  in  the  air,  and  the 
residue  examined  microscopically;  if  any  brown  bile-pigment  is 
present,  single  reddish-yellow  crystals  of  cholepyrrhine  are  readily 
distinguished.  (Valentiner.)  The  reaction  with  nitric  acid  in  the 
hloroform  solution  is  excessively  delicate  and  beautiful. 
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section  xxv. 
2.  Bile-acids. 

The  starting-point  of  all  the  acids  contained  in  the  bile  is  cholic 
acid — a  non-nitrogenous  compound — (C^^  H39  Og  +  H  O) .  Cholic 
acid,  when  pure,  usually  crystallises  in  shining,  colourless  tetra- 
hedra,  and  sometimes,  though  rarely,  in  rhombic  forms. 

Crystallised  cholic  acid,  at  a  temperature  exceeding  195°  C. 
(383°  Eahr.),  gives  off  one  equivalent  of  water,  loses  its  crystalline 
character,  and  is  converted  into  a  resinous  body — choloidic  acid 
(C^g  H39  Og) .  It  undergoes  the  same  decomposition  when  boiled  for 
a  long  time  with  hydrochloric  acid. 

Choloidic  acid,  the  product  of  the  decomposition  of  cholic  acid, 
forms -a  white  amorphous,  resinous  mass,  which  is  insoluble  in  water, 
slightly  soluble  in  ether,  and  readily  soluble  in  alcohol.  Choloidic 
acid  melts  at  150°  C.  (302°  Tahr.) ;  at  295°  C.  (563°  Fahr.)  it  gives 
off  three  atoms  of  water,  and  is  converted  into  another  compound, 
djslysine  (C,.H3PJ. 

These  two  acids  are  not  found  in  an  isolated  form  in  fresh, 
healthy,  undecomposed  bile,  the  cholic  acid  being  always  united 
with  nitrogenous  bodies — with  taurine  and  glycocoll.  Taurocholic 
and  glycocholic  acids  may  indeed  be  regarded  as  conjugates  of  cholic 
acid  with  taurine  and  glycocoll. 

1.  Tauroc/wlic  acid  {C^^H^^'N O^^Si). — This  acid,  found  in  the 
bile  in  union  with  soda,  has  not  yet  been  obtained  in  a  crystalline 
state.  In  its  partially  impure  state  it  forms  a  white  amorphous 
powder,  which  is  strongly  hygroscopic,  has  an  intensely  bitter  taste, 
dissolves  readily  in  alcohol  and  water,  and  is  insoluble  in  ether. 
Boiled  for  a  long  time  with  caustic  potash,  it  is  decomposed,  the 
cholic  acid  uniting  with  the  potash,  and  the  taurine  being  set  free. 
If  hydrochloric  acid  is  used  instead  of  potash,  the  same  separation 
takes  place.  The  cholic  acid,  however,  is  not,  in  such  case,  sepa- 
rated as  cholic  acid,  but  by  the  action  of  the  boiling  hydrochloric 
acid,  is  converted  into  the  resinous  choloidic  acid. 

The  taurine  (C^  H^  S^  N  Oj  which  is  separated,  crystallises  in  the 
form  of  colourless,  regular  hexagonal  prisms,  terminating  in  four  or 
six  planes.  (Punke,  Plate  III.  Fig.  4.)  Taurine  is  a  nitrogenous 
body,  containing  25  per  cent,  of  sulphur.  It  dissolves  readily  in 
water,  but  only  slightly  in  alcohol.     Its  solutions  do  not  afPect  the 
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vegetable  colours.  Strecker  succeeded  in  producing  taurine  artifi- 
cially, by  simply  heating  to  220°  C.  (428°  Eahr.)^  isethionate  of 
ammonia  (C,  H,  S,  N  0,  -  2  H  0  =  taurine  C,  H,  S,  N  0 J . 

Taurine  is  obtained  most  conveniently  in  the  following  way  : — 
Fresh  ox-bile,  freed  from  mucus,  is  evaporated  with  strong  hydro- 
chloric acid,  and  the  choloidic  acid  thus  separated.  The  chloride  of 
sodium  is  crystallised  out  of  the  strongly  concentrated  fluid,  and 
the  mother  liquid  still  further  evaporated ;  from  this  the  taurine  is 
precipitated  on  the  addition  of  double  its  volume  of  strong  alcohol. 
The  taurine  may  be  obtained  pure  in  the  form  of  large  beautiful 
crystals  on  re-crystallisation  from  water. 

2.  GlycochoUc  acid  (Cg^  H^^N  Oj,  -f  HO)  also  exists  in  healthy 
bile,  in  combination  with  soda.  It  crystallises  in  extremely  fine 
needles  (Funke,  Flate  IV ^  Fig  6),  differing  essentially,  in  this 
respect,  from  taurocholic  acid.  It  is  moderately  soluble  in  water 
and  in  alcohol,  but  only  slightly  so  in  ether.  It  does  not  crystallise 
from  its  alcoholic  solution,  but  separates,  on  evaporation,  as  a  resin- 
ous mass  j  when,  however,  the  solution  is  mixed  with  water,  it  is 
gradually  deposited  in  a  crystalline  form,  on  evaporation.  Boiled 
with  caustic  potash,  baryta  water,  or  hydrochloric  acid,  glycocholic 
acid  undergoes  decompositions  similar  to  taurocholic  acid — cholic 
acid,  or  choloidic  acid  being  formed,  and  glycocoD  separated. 

Glycocoll  (C^  Hg  N  OJ,  (glycocine,  sugar  of  gelatine)  may  be  arti- 
ficially obtained  from  gelatine  by  the  action  of  mineral  acids  and 
also  from  hippuric  acid,  which  may  be  considered  as  a  conjugate 
of  benzonic  acid  with  glycocoll,  by  boiling  the  hippuric  acid  with 
hydrochloric  acid.  It  forms  colourless  rhombic  prisms  (runke, 
Hate  III.  Fig.  5),  which  are  hard  and  unchangeable  in  the  air,  and 
have  a  taste  almost  as  sweet  as  that  of  cane-sugar.  It  contains 
nitrogen,  but  no  sulphur. 

All  biliary  acids,  the  conjugate,  as  well  as  cholic  and  choloidinic 
acids,  exhibit  peculiar  and  very  characteristic  reactions  with  sulphuric 
acid  and  sugar,  the  reactions  depending  upon  the  presence  of  pig- 
ment-matters, as  well  as  upon  the  taurine  and  glycocoll.  When, 
for  example,  a  few  drops  of  a  solution  of  sugar  are  mixed  with  a 
watery  solution  of  any  biliary  acid,  and  concentrated  sulphuric  acid 
added,  until  the  mixture  is  heated  to  50°  to  70°  C,  (122°  to  158° 
Fahr.)  the  mixture  assumes  a  beautiful,  purple-violet  colour. 

The  following  is  another  and  very  sensitive  test :  The  biliary  acid 
or  its  salt  is  treated  with  a  small  quantity  of  concentrated  sulphuric 
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acid,  slightly  warmed,  and  then  water  added  to  it.  The  resinous 
flakes  which  separate  are  removed  from  the  acid,  and  slightly  washed 
with  water,  but  so  as  not  to  remove  the  whole  of  the  sulphuric  acid, 
and  then  gently  heated  in  a  basin  until  the  colours  appear.  The 
residue  is  then  exhausted  with  a  very  little  spirits  of  wine,  and  the 
green  solution  evaporated,  and  kept  stirred  during  the  process ;  the 
inner  side  of  the  vessel,  thereupon,  becomes  covered  with  a  deep 
indigo-coloured  coating,  even  though  only  a  very  small  quantity  of 
the  acid  is  present.  If  foreign  matters  be  mixed  with  the  biliary 
acid,  or  if  the  action  of  the  sulphuric  acid  be  too  long  continued, 
or  the  process  be  conducted  at  too  high  a  temperature,  the  pig- 
mentary coating  will  be  of  a  green  colour. 

Tests. — A  quantity  of  urine  (300  to  500  C.  C.)  is  evaporated 
nearly  to  dryness  in  a  water-bath,  and  the  residue  extracted  with 
ordinary  alcohol;  the  spirituous  solution  is  then  evaporated,  and 
the  residue  extracted  with  absolute  alcohol.  The  solution  thus 
obtained,  containing  only  a  small  quantity  of  salts,  is  freed  from 
spirits  of  wine,  the  residue  dissolved  in  a  little  water,  the  solution 
treated  with  acetate  of  lead,  the  precipitate  collected  after  twelve 
hours  standing,  and  washed  and  dried  between  folds  of  bibulous 
paper.  To  separate,  as  far  as  possible,  the  other  substances  which 
are  thrown  down  with  the  lead-precipitate,  the  bile  salt  of  lead  is 
extracted  with  boiling  spirits  of  winC;  carbonate  of  soda  added  and 
the  solution  evaporated  to  dryness ;  the  residue  is  then  treated  with 
absolute  alcohol  in  order  to  procure  the  bile-salt  of  soda. 

The  salt  of  soda,  thus  obtained,  always  contains  a  small  quantity 
of  a  resinous  constituent  of  the  urine  mixed  with  the  bile-acids ; 
this  resinous  body  becomes  of  a  brownish-red  under  the  action  of 
sulphuric  acid,  at  times  also  of  a  lightish  blue  or  violet,  and  when 
heated  with  addition  of  a  little  sugar,  of  a  reddish  or  yellowish- 
brown.  This  coloration  is  rarely  powerful  enough  to  conceal  the 
biliary  reaction;  but  if  it  should  be  found  on  trial  to  do  so,  the 
bile-acid  must  be  once  more  precipitated  from  the  watery  solution 
with  acetate  of  lead,  the  precipitate  collected  after  standing  awhile 
and  then  decomposed,  as  above  described,  with  carbonate  of  soda. 
Two  or  three  drops  of  sugar-solution  (1  part  sugar  to  4  parts  water) 
are  added  to  the  watery  solution  of  the  soda-compound,  which  is 
concentrated  as  much  as  possible,  and  then  pure  concentrated  sul- 
phuric acid,  free  from  sulphurous  acid.  Care  must  be  taken  that 
the  temperature  does  not  exceed  70°  C.  (158°  Fahr.)     If  any  bile- 
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acid  be  now  present,  the  fluid  will  first  of  all  become  muddy,  then 
clear,  and  at  the  same  time  yellow,  soon  afterwards  of  a  pale  cherry, 
dark  carmine-red,  and  lastly  of  a  beautiful  purple- violet  colour. 

The  reaction  becomes  much  more  sensitive,  when  the  soda-solution 
is  evaporated  to  a  few  drops  in  a  porcelain  cup,  a  few  drops  of  pure 
dilute  sulphuric  acid  (4  parts  H  O  +  1  part  S  O3  H  0),  and  a  trace 
of  sugar-solution  added  to  it,  and  the  mixture  then  carefully  evapo- 
rated at  a  very  gentle  heat  over  a  small  lamp.  The  reaction  was 
beautifully  marked  when  only  Ton  of  a  milligramme  of  bile-acid  was 
present.  (Neukomm).  This  modified  process  is  far  superior  to 
the  original  one  of  Pettenkofer.  We  cannot  be  certain  that  bile- 
acid  is  present  unless  the  fluid  assumes  a  distinct  purple-violet,  as 
well  as  a  red  colour. 

Cholesterine  has  been  occasionally  found  in  the  urine,  mingled  with  other 
fats  in  cases  of  fatty  degeneration  of  the  kidneys.  The  sediment,  which 
consisted  chiefly  of  fat  cells,  after  being  collected  and  dried  in  a  water-bath, 
was  digested  with  a  mixture  of  alcohol  and  ether.  The  extract,  when 
filtered  and  concentrated,  deposited  a  considerable  quantity  of  crystals  of 
cholesterine,  which,  by  their  microscopic  characters,  cannot  be  readily 
mistaken  for  any  other  substance.     (Funke,  Plate  VI.  Fig.  1.) 
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Lactic  Acid.    . 

Composition 

In  100 

parts 

0.  + 

:  Carbon       .     . 
Hydrogen  .     . 
Oxygen 
Water  .     .     . 

H  0.     Atomic  \^ 

.     40-000 
.       5-555 
.     44-445 
.     lO-OOO 

formula : 

100-000 
weight  of  anhydrous 

acid 

=  81. 

A.  Occttrrence. — Lactic  acid  is  found  in  most  of  the  animal  fluids, 
and  particularly  (under  normal  conditions)  in  the  juice  of  muscles, 
and  in  the  juices  of  the  stomach  and  intestines.  It  is  also  some- 
times found  in  the  blood,  in  the  saliva,  in  sour  milk,  or  milk  which 
has  been  altered  by  disease,  in  the  fluids  of  flesh,  &c.  It  does  not 
exist  normally  in  the  urine,  but  always  appears  in  it  when  large 
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quantities  of  lactates  are  introduced  into  the  blood,  as  happens,  for 
example,  when  that  kind  of  food  has  been  taken  which  gives  rise  to 
the  formation  of  lactic  acid.  Lactic  acid  has  also  been  found  in  the 
urine  when  the  oxidating  process  is  arrested,  in  disturbances  of  the 
respiration,  the  digestion,  the  nutrition,  and  frequently  also  in  febrile 
conditions.  Hence  it  is  evident  that  the  presence  of  lactic  acid  in 
the  urine  varies  much,  and  that  it  may  exist  in  the  urine  one  day 
and  be  absent  in  it  the  following  day. 

Lehmann  found  that  lactic  acid  is  always  present  in  the  urine 
when  much  oxalate  of  lime  is  secreted  with  it.  Lactic  acid  is  also 
formed  during  the  acid  fermentation  of  urine,  from  matters — 
perhaps  extractive  matters — the  true  nature  of  which  is  unknown  ; 
consequently  fresh  urine  must  ahvays  be  employed  in  testing  for 
lactic  acid. 

B.  Chemical  characters. — In  its  pure  concentrated  form,  lactic 
acid  is  a  syrup-like  fluid,  having  a  strongly  acid  taste,  but  neither 
colour  nor  smell ;  it  has  not  yet  been  obtained  in  a  crystalline  form. 
It  is  soluble  in  water,  alcohol,  and  ether,  and  absorbs  water  from  the 
air.  It  parts  with  its  water  at  140°  C.  (284°  Pahr.),  and  at  a 
higher  temperature  is  decomposed  into  lactide,  carbonic  acid,  and 
other  compounds. 

We  have  no  tests  distinctive  of  lactic  acid,  but  the  microscopic 
characters  of  some  of  its  salts  are  characteristic,  and  consequently 
are  of  importance  as  tests  for  lactic  acid. 

1.  Lactate  of  lime  is  obtained  by  the  solution  of  carbonate  of 
lime  in  lactic  acid.  Observed  under  the  microscope,  it  is  seen  to 
crystallise  in  tufts  of  fine  needles.  Of  these  tufts  the  shorter  styles 
are  so  disposed  that  they  appear  like  overlying  pencils.  (Funke, 
Plate  IL  Fig.  1.) 

2.  Lactate  of  zinc  is  obtained  by  boiling  pure  oxide  of  zinc  with 
lactic  acid.  The  crystals,  when  rapidly  formed  under  the  micro- 
scope, appear  as  globe-shaped  groups  of  needles,  which  may  be  easily 
obtained  of  exceeding  beauty.  In  a  drop  of  a  solution  of  lactate 
of  zinc,  which  is  allowed  to  evaporate  slowly,  the  first  crystals 
which  appear  have  club-shaped  extremities.  These  crystals  then 
gradually  enlarge,  their  extremities  becoming  thinner,  and  their 
middle  portion  swelling  out.  This  peculiar  bellied-,  barrelled-,  or 
club-shaped  form  is  very  characteristic  of  lactate  of  zinc.  (Funke, 
Plate  IL  Fig.  2.) 

c.  Tests. — The   presence  of  lactic  acid  in  the  urine  cannot  be 
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satisfactorily  demonstrated,  unless  it  be  obtained  nearly  pure ;  and 
even  then  it  exhibits,  as  lactic  acid,  no  distinguishing  characteristic. 
Consequently,  we  must  learn  its  nature  by  elementary  analysis,  by 
ascertaining  its  atomic  weight,  and  by  the  study  of  its  salts.  As, 
however,  in  testing  for  lactic  acid  we  very  rarely  obtain  materials 
sufficient  for  the  first  two  kinds  of  experiments,  we  make  use  of  the 
zinc-salt,  which  crystallises  readily,  and  in  a  very  characteristic  form. 
The  following  is  the  method  employed  for  this  purpose : — Eresh 
urine  is  evaporated  nearly  to  dryness  in  a  water-bath,  and  the  residue 
then  treated  with  an  alcoholic  solution  of  oxalic  acid.  The  oxalate 
which  is  thus  formed,  as  well  as  the  oxalate  of  urea,  remain  undis- 
solved, the  lactic  acid,  together  with  phosphoric  and  hydrochloric 
acids,  remaining  in  solution.  The  fluid  is  then  digested  with 
hydrated  oxide  of  lead,  evaporated  to  dryness,  and  the  residue  ex- 
tracted with  absolute  alcohol,  which  dissolves  the  lactate  of  lead. 
The  filtrate  is  treated  with  sulphuretted  hydrogen,  and  after  filtra- 
tion evaporated  in  a  water-bath  to  a  syrup ;  the  syrup  is  then  shaken 
up  with  ether,  which,  on  evaporation,  leaves  the  lactic  acid  more  or 
less  pure.  This  is  then  dissolved  in  a  little  water,  boiled  with  oxide 
of  zinc,  filtered,  and  allowed  to  crystallise  slowly  on  the  object- 
glass.  The  presence  of  the  lactic  acid  is  readily  recognised  by  the 
barrel-  and  club-shaped  form  of  the  crystals,  and  especially  by  their 
peculiar  mode  of  enlargement. 

Scherer  uses  the  following  process,  which  is  in  every  respect  an 
excellent  one,  in  testing  for  lactic  acid  : — The  extract  containing  the 
lactic  acid  is  dissolved  in  water,  the  solution  precipitated  with  baryta 
and  filtered.  Any  volatile  acids  which  may  be  present  in  the  filtrate 
are  separated  by  distillation  with  a  little  sulphuric  acid ;  and  the 
residue  is  then  left  to  digest  several  days  in  strong  alcohol.  The 
acid  fluid  is  evaporated  to  dryness  with  a  little  milk  of  lime,  the 
residue  dissolved  in  boiling  water,  and  filtered  while  warm,  to 
separate  any  superfluous  lime  and  sulphate  of  lime.  A  stream  of 
carbonic  acid  is  then  passed  through  the  filtrate,  which  is  once  again 
heated  to  boiling ;  the  precipitated  carbonate  of  lime  is  separated  by 
filtration,  the  fluid  evaporated  to  dryness,  and  the  residue  treated 
with  strong  alcohol,  filtered  if  necessary,  and  the  neutral  filtrate  left 
for  several  days  to  deposit  the  lactate  of  lime.  If  the  lactic  acid  is 
present  in  too  small  quantity  to  produce  crystals,  the  solution  must 
be  evaporated  to  a  syrup,  mixed  with  strong  alcohol,  and  allowed  to 
stand ;  a  darkish  deposit,  consisting  of  extractive  matter  and  lime,  is 
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then  usually  formed.  The  fluid  part  is  now  poured  off  into  a  closed 
vessel,  and  a  small  quantity  of  ether  gradually  added  to  it.  Even 
mere  traces  of  lactate  of  lime,  whose  presence  may  be  easily  recog- 
nised under  the  microscope,  will  hereby  be  separated  from  the 
fluid. 

If  there  is  plenty  of  material  to  operate  upon,  the  following 
method,  proposed  by  Lehmann,  for  the  preparation  of  several  salts, 
may  be  adopted  (Lehmann,  Thysiolog.  Chemie,  Vol.  1,  p.  99). 
The  lactic  acid,  prepared  as  above  described,  is  saturated  with  a  solu- 
tion of  baryta,  the  excess  of  baryta  removed  by  a  stream  of  carbonic 
acid  gas,  the  solution  filtered,  the  filtrate  evaporated  to  the  consis- 
tence of  syrup,  treated  with  alcohol,  again  evaporated  and  allowed 
to  stand.  The  syrup  is  then  poured  off,  and  separated  from  the  foreign 
crystals  which  are  formed,  dissolved  in  water,  and  decomposed  with 
a  solution  of  gypsum.  In  this  way  lactate  of  lime  and  sulphate 
of  baryta  are  formed.  The  sulphate  of  baryta  is  separated  by 
filtration,  and  the  filtrate  then  allowed  to  crystalhse,  when  the 
double  brush-like  forms  of  lactate  of  lime  are  easily  recognised, 
together  with  crystals  of  gypsum. 

The  whole  of  the  lactate  of  lime  is  now  dissolved  in  strong  alcohol 
and  decomposed,  without  previous  filtration,  with  sulphate  of  copper. 
Any  excess  of  the  copper-salt,  as  well  as  of  the  gypsum  which  is 
formed  and  which  is  also  insoluble  in  alcohol,  is  separated  by 
filtration;  and  a  little  of  the  solution  of  lactate  of  copper,  then 
allowed  to  crystallise  under  the  microscope.  The  remaining  fluid  is 
highly  concentrated  by  boiling,  and  a  stick  of  zinc  introduced  into 
it ;  if  lactic  acid  be  present,  the  zinc  in  a  short  time  is  covered  with 
white  crystals  of  lactate  of  zinc,  which  are  also  to  be  subjected  to 
microscopic  examination.  Lastly,  the  solution  of  the  salt  of  zinc 
may  be  precipitated  by  protochloride  of  tin.  The  salt  of  tm  thus 
obtained  is  found  to  consist  of  grandular  masses  of  crystals,  forming 
groups  of  thick  rhombic  tablets  lying  one  over  the  other. 

As  already  said,  we  rarely  have  sufficient  materials  to  enable  us  to 
follow  out  the  whole  of  this  complicated  process ;  consequently,  we 
must  be  satisfied  with  the  preparation  of  the  lactate  of  lime  after  the 
manner  first  described.  It  is  useful,  however,  to  practise  these 
processes,  in  order  to  learn  the  different  crystalline  forms  of  the  salts 
of  lactic  acid.  It  should  always  be  remembered  that  artificially- 
formed   lactic  acid   yields  crystals  different  from  those  which  are 
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obtained  from  animal  fluids ;  consequently,  only  the  latter  kind  should 
be  operated  upon. 


section  xxvii. 

Acetic  Acid. 

Composition  : — 

In  100  parts:  Carbon      .  .  .  40*00 

Hydrogen  .  .  .  6*67 

Oxygen      .  .  .  53-33 

100-00 
Formula  :C,H3  O3  +  H  O. 

A.  Occurrence, — Acetic  acid  appears  in  stale  urine,  in  which  the 
fermentation  process  has  already  commenced.  It  also  forms,  in 
large  quantity,  during  the  fermentation  of  diabetic  urine.  More- 
over, it  has  been  found  in  the  fluids  of  muscle  and  of  the  spleen, 
in  leucocythemic  blood,  in  the  gastric  juices  in  cases  of  severe 
dyspepsia,  and  in  the  sweat.  It  is  a  product  of  the  decomposition 
of  many  animal  substances,  and  may  be  formed,  for  instance,  from 
the  action  of  powerful  oxidising  agents  upon  proteine  bodies,  gela- 
tine, &c. 

B.  Chemical  Characters. — Acetic  acid,  in  its  concentrated  form, 
is  a  colourless  liquid,  having  a  durable  sour  odour,  and  a  sharp 
pungent  taste.  It  boils  at  120°  C.  (248°  Eahr.),  crystallises  at  C.  5° 
(41°  Pahr.),  and  above  16°  C.  (60°  Eahr.)  becomes  fluid. 

1.  Perchloride  of  iron,  added  to  a  solution  of  a  salt  of  acetic  acid, 
produces  the  deep-red  colour  of  per-acetate  of  iron. 

2.  Nitrate  of  silver  in  a  neutral  solution  of  a  salt  of  acetic  acid 
throws  down  a  white  crystalline  precipitate  of  acetate  of  silver, 
which  dissolves  in  boiling  water  without  reduction,  and  crystallises 
out  of  it  as  the  liquid  cools.  This  salt  contains  69-4  per  cent,  of 
oxide  of  silver. 

3.  The  characteristic  odour  of  acetic  ether  presents  itself  when  a 
salt  of  acetic  acid  is  treated  with  alcohol  and  sulphuric  acid.  Treated 
with  sulphuric  acid  alone,  the  salt  gives  ofP  the  pungent  odour  of 
acetic  acid. 

c.  Tests. — Two  to  three  litres  of  urine  are  neutralised  with  a 


06  BUTYRIC  ACID. 

solution  of  soda,  provided  the  urine  is  not  already  alkaline,  and 
the  mixture  evaporated  on  the  open  fire  to  a  fourth  or  a  sixth  of  its 
volume.  Tartaric  or  phosphoric  acid  is  then  added  to  the  residue, 
which  is  subjected  to  distillation,  and  the  distillation  continued,  until 
the  distillate  has  no  longer  an  acid  reaction.  The  distillate  is  then 
saturated  with  carbonate  of  soda,  evaporated  to  dryness,  and  again 
distilled  with  sulphuric  acid.  The  acid  fluid  thus  obtained  is  neu- 
traHsed  with  carbonate  of  soda,  and,  as  it  crystallises,  acetate  of  soda 
is  separated  in  the  form  of  white  prisms  and  needles.  Butyric 
acid  may  be  found  in  the  mother  liquor. 

The  analysis  of  the  salts  of  silver  and  baryta  give  decisive 
results. 

Crystallised  acetate  of  soda  contains  22*9  per  cent,  of  soda,  the 
baryta-salt  60  per  cent,  of  baryta,  the  silver-salt  69*4  per  cent,  of 
oxide  of  silver,  and  64*67  per  cent,  of  silver. 


SECTION    XXVIII. 

Butyric  Acid. 

)Osition : — 

In  100  parts  :  Carbon      .     . 

.     54-545 

Hydrogen 

.       7-955 

Oxygen     .     . 

.     27-273 

Water       .     . 

.     10-227 

I 


100-000 
Formula :  Cg H^ O3  +  HO.     Atomic  weight  of   the  anhydrous 
acid  79.     Its  saturating  capacity  10-126. 

A.  Occurrence. — Butyric  acid  exists  ready  formed  in  butter  in 
combination  with  oxide  of  glycerine ;  it  is  set  free  in  rancid  butter, 
and  is  in  fact  the  source  of  its  disagreeable  odour.  It  is  also  found 
in  several  of  the  animal  fluids  and  secretions,  in  the  sweat  for 
example,  in  the  secretions  of  the  external  genital  organs,  in  the 
juice  of  muscle,  and  occasionally  also  in  the  gastric  juice.  Accord- 
ing to  Berzelius,  free  butyric  acid  is  constantly  present  in  the  urine; 
but  the  fact  has  not  yet  been  satisfactorily  proved.  It  is,  however, 
sometimes,  though  rarely,  found  both  in  healthy  and  in  unhealthy 
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Lirine,  from  which  we  may  conclude  that  its  presence  there  is  not 
connected  with  any  special  form  of  disease.  Lehmann  occasionally 
found  butyric  acid  in  the  uriue  of  pregnant  women,  but  he  also 
often  met  with  it  in  the  urine  of  men,  and  of  women  not  pregnant. 

A  considerable  quantity  of  butyric  acid  is  formed,  when  diabetic 
urine  is  treated  with  powdered  chalk,  and  the  mixture  allowed  to 
ferment  at  a  temperature  of  35°  to  40°  C.  (95°  to  104°  Palir.) 
(Scherer,  Brieflch.  Mitth.) ;  but  at  a  lower  temperature,  and  without 
the  addition  of  chalk,  acetic  acid  only  is  not  unfrequently  formed. 

B.  Chemical  Characters. — Anhydrous  butyric  acid  is  a  colourless 
and  very  mobile  fluid ;  it  refracts  light  strongly,  and  has  a  powerful 
odour.  As  a  hydrate  it  forms  an  oily  and  exceedingly  repulsive 
liquid,  having  an  odour  of  rancid  butter,  and  a  pungent  acid  taste. 
It  is  soluble,  in  all  proportions,  in  water,  alcohol,  and  ether.  Most 
of  its  salts  are  also  soluble  in  alcohol  and  water,  and  give  off  the 
repulsive  odour  of  butyric  acid  on  the  addition  of  mineral  acids. 

1.  Butyric  acid  unites  with  alkalies,  alkaline  earths,  and  the 
metallic  oxides  proper.  The  compounds  wliich  it  forms  with  the 
alkalies  are  deliquescent  and  uncrystallisable.  Its  other  salts,  on 
he  other  hand,  crystallise  readily. 

a.  Butyrate  of  baryta  is  prepared  by  saturating  butyric  acid  with 
baryta-water.  When  the  crystallisation  of  this  solution  is  rapidly 
effected,  the  compound  separates  in  the  form  of  glistening  fatty 
scales  on  the  surface  of  the  fluid.  These  scales,  examined  under  the 
microscope,  appear  as  dense  groups  of  ill-defined  crystalline  scales ; 
but  when  the  solution  of  butyrate  of  baryta  is  allowed  to  evaporate 
spontaneously,  long,  flattened,  and  perfectly  transparent  prisms, 
mostly  grouped  together  in  stellate  glands,  are  formed.  The  salt 
readily  dissolves  in  water,  and  its  solution  reddens  litmus  paper. 
(Funke,  Blate  I.  Fig,  3.)  Butyrate  of  baryta  contains  49*23  per 
cent,  of  baryta. 

b.  Butyrate  of  lime  readily  dissolves  in  cold  water,  but  nearly 
the  whole  of  it  separates  again  when  the  solution  is  boiled.  It 
crystallises  in  fine  needles,  has  an  odour  of  butyric  acid,  and  yields, 
on  dry  distillation,  butyrone  and  butyral. 

c.  Butyrates  of  the  metallic  oxides  are  formed  by  the  precipitation 
of  a  concentrated  solution  of  an  alkaline  butyrate,  by  means  of  a 
solution  of  the  corresponding  metallic  salt.  Mtrate  of  silver,  in 
this  way,  yields  a  yellowish-white  crystalline  precipitate  of  butyrate 
of  silver,  which  is  wholly  insoluble  in   cold  water,  and  contains 
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55*38  per  cent,  of  metallic  silver  =  59*35  per  cent,  of  oxide  of 
silver.  Nitrate  of  the  suboxide  of  mercury  yields  a  precipitate, 
which  resembles  that  of  the  acetate  of  the  suboxide  of  mercury, 
and  consists  of  glistening  scales.  The  bluish-green  precipitate  of 
butyrate  of  copper  is  soluble  in  hot  water,  and  separates  as  it  cools 
in  the  form  of  octagonal  bluish-green  prisms. 

2.  All  the  salts  of  butyric  acid,  when  heated  with  sulphuric  acid, 
yield  butyric  acid,  which  is  readily  recognised  by  its  peculiar  and 
repulsive  odour. 

c.  Tests. — It  is  not  easy  to  determine  with  certainty  the  existence 
of  butyric  acid  in  the  urine.  The  only  tests  which  we  have  of  it 
in  small  quantities  (and  it  is  only  in  small  quantities  that  we  have  to 
deal  with  it  in  the  urine),  are  its  smell  and  the  mode  of  crystallisa- 
tion of  its  salts. 

Berzelius  distilled  urine  treated  with  sulphuric  acid ;  saturated  the 
acid  distillate  thus  obtained  with  baryta-water,  and  after  filtration 
evaporated  it  to  dryness.  By  this  process  he  obtained  a  considerable 
quantity  of  butyric  acid  on  treatment  of  the  saline  residue  with  sul- 
phuric acid. 

Lehmann  could  only  obtain  traces  of  butyric  acid  by  this  process, 
even  when  he  used  a  large  quantity  of  urine.  He  describes,  how- 
ever, a  case,  in  which  he  obtained  from  the  saline  residue  of  the 
urine  of  a  lying-in  woman,  who  was  not  nursing  her  child,  an  acid 
fat,  by  simple  extraction  with  ether.  This  fat  smelt  strongly  of 
butyric  acid,  and  exhibited  the  other  characteristics  of  the  acid. 
The  residue  obtained  from  the  ether,  on  distillation  with  sulphuric 
acid,  yielded  a  further  quantity  of  butyric  acid. 


section  xxix. 

Benzoic  Acid. 
Composition : — 

In  100  parts :  Carbon 68*85 

Hydrogen       ....       4*92 
Oxygen 26*23 

100*00 
formula  :  C,,  H,  O3  4  H  O. 
A.   Occurrence. — Benzoic  acid  is  probably  present  in  the  urine  of 
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lierbivorous  animals  when  overworked  or  underfed.  It  is  constantly 
found  in  putrefying  urine,  both  of  man  and  herbivorous  animals, 
being  formed  through  the  decomposition  of  the  hippurates.  Benzoic 
acid  is  the  non-nitrogenous  conjugate  of  hippuric  acid,  for,  as  we 
have  already  seen,  benzoic  acid  within  the  body  takes  up  the 
elements  of  glycocine,  and  then  appears  in  tlie  urine  in  the  form  of 
hippuric  acid.  And,  on  the  other  hand,  hippuric  acid,  when  placed 
in  contact  with  decomposing  matters,  is  immediately  decomposed 
into  benzoic  acid  and  glycocine.  Benzoic  acid,  again,  appears  as 
the  product  of  the  decomposition  of  various  animal  substances,  and 
particularly  of  proteine-bodies,  of  gelatine,  &c. 

B.  Microscopic  characters. — Benzoic  acid,  when  sublimed,  appears 
in  the  form  of  fine,  colourless,  glistening  needles  and  scales,  and, 
when  prepared  in  the  moist  way,  in  the  form  of  scales,  small  columns, 
or  six-sided  needles,  whose  primary  form  is  a  right  rhombic  prism. 
Crystals  obtained  through  the  cooling  of  its  aqueous  solutions  always 
appear  under  the  microscope  as  tables  of  exactly  90*^  C.  (194° 
Pahr.),  arranged  in  rows,  or  overlapping  each  other;  sometimes,  but 
not  often,  one  of  the  angles  is  truncated,  but  always  so  as  to  give 
to  both  the  angles  ISS^^*  C.  (275°  Tahr.).    (Eunke,  Plate  I.  Fig.  6.) 

c.  Chemical  characters. — Benzoic  acid  sublimes  at  240°  C. 
(464°  Eahr.),  without  decomposition;  its  vapour  causes  an  irrita- 
tion of  the  throat,  and  excites  coughing.  It  is  but  little  soluble  in 
cold,  but  much  more  soluble  in  hot  w^ater ;  alcohol  and  ether  dis- 
solve it  pretty  readily.     Its  solutions  redden  litmus. 

1.  Most  of  the  salts  of  benzoic  acid  are  soluble  in  water,  those 
only  which  it  forms  with  the  heavy  metallic  oxides  are  difficult  of 
solution.     The  alkaline  benzoates  are  soluble  in  alcohol. 

2.  Strong  acids  decompose  the  solutions  of  the  benzoates,  the 
benzoic  acid  being  separated  in  the  form  of  white  shining  scales. 

3.  Perchloride  of  iron  throws  down  from  solutions  of  alkaline  ben- 
zoates a  brownish-yellow  precipitate  of  benzoate  of  iron,  which  is 
decomposed  by  the  action  of  ammonia  into  oxide  of  iron  and  ben- 
zoate of  ammonia.  Treated  with  a  little  hydrochloric  acid,  the  benzoate 
of  iron  dissolves  with  separation  of  the  benzoic  acid. 

D.  Tests. — Alkaline  urine  is  evaporated  to  the  consistence  of  an 
extract,  which  is  then  treated  with  alcohol.  Prom  this  alcoholic 
extract  benzoic  acid  is  separated  in  a  distinctly  crystalline  form  on 
the  addition  of  a  stronger  acid.  If  the  quantity  is  too  small  to  yield 
crystals  in  this  way,  the  mass  must  be  extracted  with  ether,  and  the 
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solution  allowed  to  evaporate  spontaneously.  From  this  ethereal 
extract  the  benzoic  acid  is  separated  in  a  crystalline  form  on  the 
addition  of  water.  The  crystals  may  then  be  examined  microscopi- 
cally and  chemically. 

If,  again,  putrefying  urine  be  treated  according  to  the  process 
given  for  the  testing  of  acetic  acid  (see  Sect,  xxvii.),  we  shall  find,  at 
the  end  of  the  second  distillation,  and  especially  when  this  has  been 
pushed  a  little  far,  that  white  scales  and  plates  appear ;  these  remain 
for  the  most  part  in  the  condenser,  and  are  readily  recognised  as 
benzoic  acid.  To  distinguish  benzoic  from  hippuric  acid,  see  Section 
VII.     E.  1,  2,  and  3. 


section  xxx. 
Fat. 


A.  Occurrence. — Eat  is  not  often  met  with  in  the  urine.  The 
peculiar  milky-looking  urine  [urina  cliylosa)  occasionally  met  with 
does  not  owe  its  turbidity  and  colour  to  fatty  particles  suspended  in 
it,  but,  as  Lehmann  states,  to  the  presence  of  pus-corpuscles.  Dr. 
Beale,  however,  speaks  of  a  milky  urine,  containing  much  fat,  which 
was  during  some  months  passed  in  the  morning  by  a  woman  of  fifty 
years  of  age.  On  the  addition  of  ether  the  urine  became  perfectly 
clear.  Quantitative  analysis  gave  13*9  grammes  of  fat  in  1000 
parts.  Dr.  Beale  considers  that  the  chylous  character  of  the  urine 
results  from  a  separation  of  the  chyle  through  the  kidneys.  He 
also  found  cholesterine  in  the  fat-cells  passed  with  the  urine  in 
fatty  degeneration  of  the  kidneys;  this  cholesterine  dissolved  in 
other  fats  could  only  be  obtained  by  extraction  with  alcohol  and 
subsequent  crystallisation. 

Fatty  globules  are,  however,  often  found  in  the  urine  of  persons 
suffering  from  diseases  which  are  attended  with  a  rapid  wasting  of 
the  body. 

B.  Microscopic  characters. —  Fat  in  its  free  state  is  readily  recognised 
under  the  microscope.  Fat-globules  present  the  form  of  flattened 
discs ;  they  possess  an  extraordinary  power  of  refracting  light, 
whereby  they  obtain  a  dark  and  somewhat  irregular  contour. 
Single  globules  are  often  seen  under  the  microscope  to  run  one  into 
the  other,  and  by  this  they  may  be  distinguished  from  fat  vesicles. 
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which  are  completely  spherical.  Fat-cells  have  a  smooth  and 
roundish  form,  but  when  exposed  to  pressure  occasionally  assume  a 
polyhedral  shape.  Their  surfaces  also  possess  a  strong  refractive 
power;  with  transmitted  light  their  contour  is  sharp  and  dark,  but 
with  reflected  light  their  borders  have  a  shining  silvery  appearance, 
and  their  centre  appears  whitish.  These  cells  are  easily  burst  by 
pressure,  their  contents  escaping,  and  their  surface  assuming  a  more 
or  less  wrinkled  appearance.     (Punke,  Flate  VII.  Figs.  3  &  4.) 

c.  Tests. — As  fat  is  very  rarely  met  with  in  the  urine,  and  only 
in  exceedingly  small  quantity,  it  is  not  possible  to  determine  its 
particular  kind  by  tests.  We  must  therefore  be  satisfied  with 
recognising  the  presence  of  the  fat  as  such.  The  microscopic 
characters  of  fat  are  so  peculiar  and  distinctive  that  any  one  who  has 
ever  seen  a  fat-globule  will  not  fail  to  recognise  it  again.  Conse- 
quently, we  always,  in  the  first  instance,  test  its  presence  with  the 
microscope.  If  we  fail  to  discover  it  by  that  means,  we  then  evapo- 
rate a  portion  of  the  urine  to  dryness  in  a  water-bath,  expose  the 
residue  for  some  time  to  a  temperature  of  110°  C.  (230°  Eahr.), 
and  then  pour  over  it  small  quantities  of  ether  so  long  as  the  ether 
continues  to  dissolve  any  of  it.  This  ethereal  solution  will  take  up 
all  the  fat,  and  when  evaporated — an  operation  which  is  best  per- 
formed in  a  test-glass — leaves  the  fat  as  a  residue.  This  residue 
may  then  be  examined  under  the  microscope,  and  if  there  be  enough 
of  it,  by  chemical  agents.  The  production  by  it  of  grease-spots  on 
fine  paper,  as  well  as  its  properties  when  heated  (the  development  of 
acrolein),  prevent  fat  being  mistaken  for  any  other  body. 


section  xxxi. 
Sulphuretted  Hydrogen. 


Sulphuretted  hydrogen  is  sometimes,  tliough  very  rarely,  found  in 
the  urine.  Its  presence  is  readily  ascertained  by  its  property  of 
blackening  paper  moistened  with  a  solution  of  sugar  of  lead.  The 
experiment  is  thus  best  performed  : — a  small  glass  is  filled  half-full 
with  the  urine  to  be  tested  for  the  sulphuretted  hydrogen,  and 
covered  with  a  watch-glass,  to  the  bottom  of  which  a  little  bit  of 
the   lead-paper  has  been  attached  by  means  of  a  drop  of  water. 
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This  paper  becomes  brown  or  black  (and  more  readily  if  the  urine 
be  gently  heated),  according  to  the  amount  of  sulphuretted  hydrogen 
which  is  present.  Sulphuretted  hydrogen,  moreover,  may  always  be 
easily  recognised  through  its  odour  of  rotten  eggs.  I  had  once  an 
opportunity  of  examining  for  a  length  of  time  urine  which  contained 
sulphuretted  hydrogen ;  it  was  periodically  secreted  by  a  man  whose 
lower  extremities  were  paralysed  through  gout.  The  urine,  when  it 
contained  sulphuretted  hydrogen  was  slightly  acid,  of  a  bright 
yellow  colour,  usually  threw  down  a  sediment,  and  immediately 
blackened  a  piece  of  lead- test  paper  when  held  over  it. 

It  has  been  already  stated,  under  the  head  of  sulphuric  acid 
(Sect.  xiii.  B.  3),  that  sulphates,  when  exposed  to  a  moderately 
high  temperature  in  contact  with  organic  substances,  soon  give 
rise  to  the  formation  of  sulphuretted  hydrogen;  and  in  this  way 
we  may  perhaps  account  for  its  formation  in  the  urine.  Sulphuretted 
hydrogen  may  also  be  formed  in  the  urine  from  the  decomposition 
of  animal  substances  contained  in  it,  and  quite  independently  of  the 
sulphates.  Urine,  for  example,  which  contains  albumen,  will  often 
in  a  short  space  of  time  show,  by  its  odour,  the  presence  of  sulphu- 
retted hydrogen;  this  fact  I  have  frequently  noticed. 

There  are  some  other  substances,  sach  as  allantoine,  leucine,  and 
tjrrosine,  yet  to  be  considered.  They  are  very  rarely  found  in  human 
urine,  but  occasionally  appear  in  it  under  pathological  conditions. 
Oxalic  acid,  which  is  frequently  present  in  the  urine,  and  cystine 
are  chiefly  found  in  the  sediment  of  urine ;  I  shall,  therefore,  spe 
of  them  under  that  head. 
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SECTION   XXXTI. 

Allantoine. 

Composition : — 

In  100  parts  :  Carbon 

.     30-38 

Hydrogen   . 

.       3-16 

Nitrogen     . 

.     35-44 

Oxygen 

.     25-32 

Water    .     . 

.       5-70 

100-00 


Pormula:  C,H,N,0,  +  HO. 
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A.  Occurrence. — Allantoine  is  found  in  the  allantoic  fluid  of  the 
cow,  and  in  the  urine  of  calves  as  long  as  they  suck  or  are  fed  on 
railk.  Stadeler  found  it  in  the  urine  of  a  dog  whose  respiration 
was  impeded ;  Kohler  found  it  in  the  urine  of  rabbits  after  the  in- 
jection of  oil  into  the  lungs  (compare  JJric  Acid,  vi.  a.)  ;  and  Schottin 
met  with  it  in  the  urine  of  man,  after  the  ingestion  of  a  large  quan- 
tity of  tannic  acid.  Allantoine  may  also  be  obtained  by  treating 
uric  acid  with  peroxide  of  lead  (Sect.  vi.  d.  3.),  ferricyanide  of 
potassium  and  permanganate  of  potash.     (Sect.  vi.  d.  4.) 

B.  Preparation. — Uric  acid  is  stirred  with  water  into  a  thinnish 
paste,  and  heated  to  boiling ;  peroxide  of  lead  is  then  added  in 
small  quantities,  as  long  as  it  (the  peroxide)  continues  to  lose  its 
brown  colour.     Allantoine  separates  from  the  filtrate,  as  it  cools,  in 

tjautiful  crystals,  and  urea  is  left  in  solution  in  the  mother-liquid. 
c.  Microscopical  Characters. — Allantoine  appears  under  the  mi- 
'oscope  in  the  form  of  colourless  prismatic  crystals,  clear  as 
ater  and  lustrous  as  glass;  their  primitive  form  is  the  rhora- 
bohedric.  The  crystals,  when  separated  from  concentrated  solutions, 
form  stellate  glandular  masses.     (Punke,  Plate  V.  Fig.  4.) 

D.  Chemical  Characters. — Allantoine  is  tasteless ;  it  has  no  action 
on  vegetable  colours,  is  soluble  in  160  parts  of  cold,  and  in  a  less 
quantity  of  boiling  water.  It  is  also  dissolved  by  boiling  alcohol, 
but  in  great  part  separates  again  as  the  alcohol  cools.  It  is  inso- 
luble in  ether. 

1.  Concentrated  alkalies  convert  allantoine,  by  absorption  of  water, 
into  oxalic  acid  and  ammonia. 

2.  By  the  action  of  boiling  nitric  acid  it  is  decomposed  into  urea 
and  allantoic  acid  (Cg  H^  N^  OJ . 

3.  Nitrate  of  silver  and  ammonia  added  to  a  saturated  solution 
of  allantoine,  throw  down  a  white  flocculent  precipitate  of  allantoine- 
oxide  of  siver,  which  is  found  under  the  microscope  to  consist  of 
clear  and  perfectly  spherical  particles. 

4.  Corrosive  sublimate  causes  no  precipitate  in  a  solution  of 
allantoine ;  but,  as  in  the  case  of  urea,  a  precipitate  is  thrown  down 
in  it  by  a  solution  of  nitrate  of  mercury. 

5.  Mixed  with  yeast  and  exposed  to  a  temperature  of  30°  C.  (86° 
Pahr.),  allantoine  is  decomposed  into  urea,  and  oxalate  and  carbonate 
of  ammonia.  At  the  same  time  there  is  generated  a  syrupy  acid, 
probably  identical  with  another  acid,  also  syrupy,  which  I  met  with, 
together  with  allantoine  and  urea,  in  treating  uric  acid  with  perman- 
ganate of  potash. 
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E.  Tests. — To  ascertain  the  presence  of  allantoine  in  the  urinC;, 
the  urine  is  precipitated  with  acetate  of  lead,  filtered,  and  any  excess 
of  lead  removed  by  sulphuretted  hydrogen.  The  filtered  solution  is 
evaporated  to  dryness  in  a  water-bath,  and  the  residue  exhausted 
with  boiling  dilute  spirits  of  wine.  When  the  filtrate,  which  is, 
of  course,  concentrated  by  evaporation,  cools,  crystals  are  separated, 
if  any  allantoine  is  present ;  these,  when  recrystallised  out  of  boiling 
water,  serve  for  testing.  In  addition  to  the  microscopic  forms  of 
pure  allantoine,  we  have  also  the  peculiar  globular  forms  characteristic 
of  allantoine-oxide  of  silver,     (d.  3.) 

According  to  Lehmann,  we  may  also  separate  the  allantoine  by 
precipitation  with  nitrate  of  mercury.  The  urine  is  thoroughly 
precipitated  with  a  mixture  of  nitrate  of  baryta  and  caustic  baryta ; 
the  filtrate,  carefully  neutralised  with  nitric  acid,  is  concentrated  in  a 
water-bath,  and  then  treated  with  a  solution  of  nitrate  of  mercury 
in  slight  excess.  The  precipitate  which  is  formed,  consisting  of 
urea  and  allantoine-oxide  of  mercury,  is  collected  on  a  filter  and 
washed,  suspended  in  water,  and  decomposed  with  sulphuretted 
hydrogen.  The  solution  filtered  off  from  the  sulphide  of  mercury 
is  strongly  concentrated  in  a  water-bath,  and  left  for  several  days  to 
crystallise.  Any  urea  accidentally  crystallised  with  the  allantoine  may 
be  removed  by  cold  alcohol.  The  allantoine  which  remains  should 
then  be  once  more  crystallised  out  of  boiling  water,  before  being 
made  use  of  for  the  microscopic  test,  or  for  the  preparation  of  the 
characteristic  silver-compound. 

The  urine  of  young  calves  is  evaporated  to  a  syrupy  consistence  in  a 
water-bath,  and  allowed  to  stand  for  several  days.  The  crystals  that 
separate  are  washed  with  water,  and  then  boiled  with  a  little  water.  The 
solution  is  decolorised  with  animal  charcoal,  and  filtered  while  hot ;  a  few 
drops  of  hydrochloric  acid  are  added  to  prevent  the  separation  of  phosphate 
of  magnesia,  and  it  is  left  to  cool ;  the  allantoine  then  separates  in  the  form 
of  thin  crystals  united  together  in  bundles. 

Calf's  urine  is  strongly  acid,  differing,  in  this  respect,  from  the  urine  of 
the  grown-up  animal,  which  has  ceased  to  feed  upon  milk.  It  contains  as 
much  urea  and  uric  acid  as  the  urine  of  man,  but  no  hippuric  acid.  On  the 
other  hand,  the  urine  of  the  cow,  which  is  rich  in  hippuric  acid,  contains  no 
allantoine. 
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section  xxxiii. 

Leucine. 

Composition  : — 

In  100  parts:  Carbon        .     .     .  54*96 

Hydrogen  .     .     .  9*92 

Nitrogen     .     .     .  10-68 

Oxygen  ....  24*44 


100-00 


i^ormula;  C„H,3N0, 


A.  Occurrence. — ^Leucine  was  originally  obtained  as  a  product  of 
lecomposition  of  highly  nitrogenous  animal  substances,  when  under- 

)ing  putrefaction  or  subjected  to  the  action  of  strong  acids  and 
Ikalies.  It  has,  however,  of  late  been  recognised  by  Yirchow, 
frerichs,  Gorup-Besanez,  Stiideler,  and  others,  as  both  a  normal 
id  pathological  constituent  of  various  organs  and  juices  of  the 
)dy,  both  in  man  and  beast,  being  usually  found  associated  with 
tyrosine.  Leucine  has,  in  fact,  been  found  in  the  liver,  especially 
when  the  function  of  the  organ  had  been  deranged ;  and,  together 
with  tyrosine,  in  the  pancreas  and  the  pancreatic  juice  in  considerable 
quantity;  also  in  the  spleen,  in  the  upper  part  of  the  intestinal 
canal,  in  the  thymus,  the  thyroid  and  salivary  glands,  in  the  saliva, 
in  the  lymphatic  glands,  the  lungs,  and  the  brain.  Leucine  has  also 
been  found  in  the  urine  in  the  course  of  certain  diseases — in  typhus, 
in  small-pox,  and  in  atrophy  of  the  liver. 

B.  Microscopical  Characters,^ — Impure  leucine,  as  obtained  on  its 
first  separation  from  animal  fluids,  crystallises  in  granular  masses, 
consisting  of  roundish,  and  in  part  concentrically  striped  globules, 
mostly  of  a  yellowish  colour,  some  of  them  finely  pointed,  but 
without  any  distinct  crystalline  form,  they  somewhat  resemble  glo- 
bular fat-cells.  When  pure,  it  separates  in  gland-like  masses  of 
leaves  or  scales,  whose  contour  is  often  diiiicult  of  determination. 
Single  borders  are  frequently  seen  like  sharp  dark  lines,  so  that  on 
the  first  glance  several  crystals  appear  as  capillary  needles  terminating 
in  two  points.     (Eunke,  Flate  III.  Fig.  6.) 

c.  Chemical  Characters. — 1.  Pure  leucine  takes  the  form  of  white 
crystalline  scales,  has  a  fatty  feel,  and  is  without  taste  or  smell.  It 
is  not  readily  moistened  with  water,  but  is  nevertheless  tolerably 


1  Amylamine      =  N 
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soluble  in  it ;  it  is  less  soluble  in  alcohol,  and  quite  insoluble  in 
ether.     It  readily  dissolves  in  acids  and  alkalies. 

2.  Leucine,  carefully  heated  to  170°  C.  (338°  Fahr.)  in  a  glass 
tube  open  at  both  ends,  sublimes,  without  previous  fusion,  in  white 
flocculent  masses,  which,  like  oxide  of  zinc,  are  in  part  conveyed 
along  the  tube  by  the  heated  current  and  escape  into  the  air  around. 
This  peculiar  mode  of  sublimation  is  very  characteristic  of  leucine. 
Heated  to  180°  C.  (356°  Eahr.)  leucine  fuses,  and  is  decomposed 
into  carbonic  acid  and  amylamine  : 

2  Carbonic  Acid  =        C^  0, 
(C.o  H,. 

(h 

lEq.  Leucine     =C,/h,3N0,. 

3.  It  is  separated  in  beautiful  glistening  scales  from  a  boiling 
mixture  of  leucine  and  sugar  of  lead,  when  ammonia  is  carefully 
added,  as  leucine-oxide  of  lead. 

4.  A  solution  of  nitrate  of  mercury  does  not  cause  a  precipitate 
in  an  absolutely  pure  solution  of  leucine.  Any  precipitate  thereby 
formed  indicates  the  presence  of  tyrosine— i.  ^.,  if  the  supernatant 
fluid  has  a  reddish  or  a  rosy-red  colour. 

5.  Leucine,  when  mixed  with  putrefying  animal  matters,  and  also 
when  fused  with  hydrate  of  potass,  is  converted  into  valerianic  acid 
(Ci(,II,j,OJ — carbonic  acid,  ammonia,  and  hydrogen,  being  at  the 
same  time  evolved. 

6.  Pure  leucine,  carefully  evaporated  with  nitric  acid  on  platina 
foil,  leaves  a  colourless  and  nearly  imperceptible  residue.  If  to  this 
residue  a  few  drops  of  caustic  soda  are  added,  and  heat  is  applied,  the 
leucine  will  be  dissolved;  the  solution  will  be  perfectly  clear,  or  more 
or  less  discoloured,  according  to  its  degree  of  purity.  Again,  if  the 
fluid  be  carefully  concentrated  on  platina  foil  over  a  lamp,  it  will 
in  a  short  time  be  gradually  condensed  into  an  oily  sort  of  drop, 
which  rolls  about  on  the  foil,  neither  moistening  nor  adhering  to  it. 
This  property  is  very  characteristic  even  of  leucine  which  is  not  per- 
fectly pure.     (Scherer.) 


TYROSINE.  107 

section  xxxiv. 

Tyrosine. 

Composition : — 

In  100  parts:  Carbon   ....  59-67 

Hydrogen    .     .     .  6-08 

Nitrogen     .     .     .  773 

Oxygen  ....  26-52 


100-00 


Tormula  :  Q^H,,  N  0,. 

18         H  0 

I  A.  Occurrence. — Tyrosine  is  formed  in  exactly  the  same  way  as 
leucine,  and  is  produced  either  somewhat  later,  or,  more  generally,  at 
the  same  time  as  the  leucine,  during  the  decomposition  of  highly- 
nitrogenous  animal  matters.  Like  leucine,  it  is  also  found  normally 
and  pathologically  in  the  human  body ;  Frerichs  has  found  it,  to- 
gether with  leucine,  in  large  quantities  in  the  urine  of  patients  suIFer- 
ing  from  typhus,  small-pox,  and  acute  atrophy  of  the  liver. 
B.  Microscopical  Character's. — Tyrosine  forms  a  snow-white,  silky, 
glistening,  adhesive  mass,  which  consists  of  long  shining  needles 
clustered  together ;  these  needles  again  are  composed  of  very  delicate 
smaller  needles,  grouped  together  in  a  stellate  form.  Tyrosine  often 
crystallises  out  of  an  ammoniacal  solution,  in  globular  masses, 
which  are  composed  of  a  number  of  fine  needles  congregated  to- 
gether in  a  radiating  form,  and  jagged  at  the  periphery,  in  conse- 
quence of  small  spear-shaped  crystals  projecting  from  them.  Com- 
pressed under  the  object-glass,  these  little  globules  of  tyrosine  break 
down  into  fragments,  consisting  of  extremely  fine  white  needles. 
(Scherer.) 

c.  Chemical  Characters. — Tyrosine  has  neither  taste  nor  smell ; 
it  is  almost  insoluble  in  cold  water,  but  readily  dissolves  in  boiling 
water,  and  still  more  readily  in  acids  and  alkalies ;  it  is  insoluble  in 
alcohol  and  ether. 

1.  When  treated  it  emits  the  odour  of  burnt  horn ;  it  does  not 
undergo  sublimation. 

2.  Nitric  acid  carefully  evaporated  with  tyrosine  produces,  in 
addition  to  oxalic  acid,  a  yellow  body — nitrate  of  nitrotyrosine ;  this 
residue,  when  treated  with  potash  or  ammonia,  assumes  a  deep 
reddish-brown  colour.     Tyrosine,  evaporated  on  platinum  foil  with 
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nitric  acid  of  sp.  gr.  1-2,  dissolves  rapidly,  and  assumes  a  lively 
pomegranate-yellow  colour,  as  soon  as  the  acid  becomes  warm. 
When  evaporated  it  leaves  a  shining  translucent  residue  of  a  deep 
yellow  colour ;  and  if  to  this  residue  a  few  drops  of  hydrochloric 
acid  are  added,  the  fluid  assumes  a  deep  yellow -red  colour,  and  when 
evaporated  leaves  a  deep  brownish-black  residue.  Scherer  prefers 
this  test  even  to  Piria^s  test,  on  account  of  its  easy  performance.  (4.) 

3.  Nitrate  of  mercury  throws  down  from  a  boiling  solution  of 
tyrosine,  a  red  flocculent  precipitate,  the  supernatant  hquid  taking  an 
intense  rosy -red  colour.  This  test '  is  exceedingly  sensitive.  If 
the  solution  of  tyrosine  is  very  dilute,  it  must  be  boiled  and  left  at 
rest  for  a  time,  or  the  reaction  will  not  take  place. 

4.  Tyrosine,  poured  into  a  porcelain  basin  with  a  few  drops  of  con- 
centrated sulphuric  acid,  and  gently  heated,  dissolves,  and  assumes  a 
passing  red  colour.  If,  after  dilution  with  water,  the  acid  is 
saturated  with  a  milk  of  carbonate  of  baryta,  the  mixture  boiled  to 
decompose  the  bicarbonate  of  baryta,  and  a  neutral  dilute  solution 
of  perchloride  of  iron  added  to  the  filtrate,  a  beautiful  violet  colour 
appears.  Only  a  small  quantity  of  leucine  may  be  present  with 
the  tyrosine.  This  reaction  is  very  delicate.  When  diluted  6000 
times,  the  colour  appears  of  a  lively  red  in  a  common  test  tube. 
Through  a  layer  of  the  fluid  two  inches  thick,  a  distinct  rosy-red 
colour  is  still  perceptible  when  the  dilution  is  carried  to  25,000,  and 
through  eight  inches  of  the  fluid  when  the  dilution  reaches  even 
to  45,000.    (Piria.  Stadeler.) 

D.  Preparation. — A  mixture  of  5  pounds  of  oil  of  vitriol,  and 
13  pounds  of  water,  are  poured  upon  2  pounds  of  horn- shavings,  and  the 
mixture  boiled  for  twenty-four  hours,  the  water  as  it  evaporates  being 
renewed.  The  sulphuric  acid  is  then  removed  by  milk  of  lime, 
filtered,  washed  with  boiling  water,  and  the  filtrate,  after  the  solu- 
tion has  been  reduced  to  about  12  pounds,  freed  from  the  dissolved 
lime  by  the  careful  addition  of  oxalic  acid.  The  filtrate  is  now- 
evaporated  until  a  crystalline  pellicle  begins  to  form  on  its  sur- 
face. The  gland-like  masses  of  crystals  found  in  it  are  leucine, 
mixed  with  varying  quantities  of  tyrosine;  for  it  rarely  happens 
that  tyrosine  is  altogether  absent. 

The  different  degree  of  solubility  of  these  two  bodies  in  water 
is  made  use  of  for  the  purpose  of  separating  them.  The  crystal- 
Hne   compound   is  dissolved  in  a  large  quantity  of  boiling  water. 
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so  that  only  a  small  portion  of  the  crystals  separates  when  the 
solution  cools;  these  crystals  are  white  needles  of  the  nearly  in- 
soluble tyrosine.  The  leucine  may  now  he  obtained  from  the 
inother-liquor  in  white  crystalline  masses,  after  treatment  with 
animal  charcoal  and  further  concentration. — (Schwanert,  JJeher  Leu- 
cin;  Dissert.,  Gbttingen,  1857.) 

E.  Tests. — Leucine  and  tyrosine  have  not  yet  been  found  in  the 

urine  of  healthy  people.      Frerichs  first  discovered  them  in  the 

urine  of  patients  suffering  from  typhus.     In  acute  atrophy  of  the 

liver,  leucine  and  tyrosine  are  present  in  large  quantities,  whilst,  at 

le  same  time,  only  traces  of  the  substances  such  as  urea,   &c., 

^hich  normally  represent  the  final  products  of  the  metamorphoses  of 

le   tissues,  are  found  in  the  urine.      Urine   of   this   kind   often 

leposits  spontaneously  a  softish  greenish-yellow  sediment,  consisting 

if    round   grandular   masses  of  needles    of    tyrosine ;    and   when 

raporated  on  an  object-glass,  leaves  numerous '  crystals  of  leucine 

id  tyrosine.      In  order  to  obtain  a  large  quantity  of  these  bodies, 

Prerichs  drew  ofp  the  urine,  which  also  distinctly  showed  the  pre- 

mce  of  bile-pigment,  with  a  catheter,  freed  it  from  colouring  and 

"extractive   matters   by   precipitation    with  basic   acetate    of    lead, 

filtered,  separated   the  superfluous  lead  by  sulphuretted  hydrogen, 

and  then  concentrated  the  clear  filtrate.     In  twenty- four  hours  a 

quantity  of  tyrosine,"^  sufficient  for  several  analyses,  was  deposited. f 

Schmeisser,    by   the   same  process,    found  a   large    quantity    of 

tyrosine  in  the  urine,  in  a  case  of  acute  yellow  atrophy  of  the  liver. 

The  urine  was  free  from  albumen,  and  by  none  of  the  known  tests 

could   the   presence    of   bile-pigment   be    discovered   in    it.      The 

tyrosine  contained  in  it  was  crystallised  out  of  boiling  water,  and 

then  subjected  to    chemical  and   microscopical  tests.      To    obtain 

the  leucine,  the  evaporated  residue  is  first  of  all  treated  with  cold 

absolute  alcohol  as  long  as  the  alcohol  dissolves  anything  out  of  it, 

and  then  extracted  with  boiling  alcohol  of  ordinary   strength;  in 

this  way  a  darkish-brown,  tenacious  substance  is  obtained,  readily 

soluble  in  water,  and  containing  the  remains  of  the  tyrosine.      The 

alcoholic    solution     last    obtained,     after    evaporation    and    long- 


*  Together  with  the  tyrosine,  another  erystallisable  body  of  a  similar  form, 
hut  richer  in  nitrogen— 8-83  per  cent.— was  found, 
t  Frerichs,  Deutsche  Klinik,  1855.  iV^.  31,  p.  343. 
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standing  of  the  syrupy  residue^  deposits  the  leucine  in  it  in  the 
globular  form  described  above  (Sec.  xxxiii.  b.),  which  may  be  sub- 
jected to  chemical  and  microscopical  tests. 

It  is  better,  however,  before  testing  to  purify  still  further  the 
leucine  thus  obtained.  Tor  this  purpose  we  may  make  use  of  the 
compound  formed  by  it  with  oxide  of  lead.  The  watery  solution 
of  leucine,  freed  as  far  as  possible  from  the  mother-ley  by  pressure 
between  paper,  is  rendered  strongly  alkaline  with  ammonia,  and  then 
precipitated  with  sugar  of  lead  solution,  or  basic  acetate  of  lead  as 
long  as  any  precipitate  forms.  The  precipitated  leucine-oxide  of  lead 
is  collected  on  a  filter,  slightly  washed,  then  suspended  in  water,  and 
decomposed  with  sulphuretted  hydrogen.  The  leucine  will  now  be 
separated  in  a  pure  crystalline  form  from  the  filtrate  on  its  evapora- 
tion. (Lehmann.)  If  the  urine  contains  albumen,  the  albumen 
must  be  previously  separated  by  heat  and  filtration,  and  the  filtrate 
then  tested  for  leucine  and  tyrosine. 

Care  must  be  taken  in  this  experiment  that  the  urine  is  used  fresh ; 
because  leucine  in  contact  with  putrefying  animal  substances  is  very 
readily  decomposed,  and  valerianic  acid  formed. 

The  urine  described  by  Prerichs  as  obtained  in  the  case  of  acute 
atrophy  of  the  liver,  contained  4"9  per  cent,  of  solid  residue,  and 
0'1-i  per  cent,  of  ash.  The  residue  w^as  strongly  acid,  and  no  urea 
could  be  obtained  from  it.  It  contained,  besides  leucine  and 
tyrosine,  a  tenacious,  extractive-like  substance,  similar  to  that 
which  is  formed  (together  with  tyrosine  and  leucine)  during  the 
artificial  decomposition  of  proteine-bodies  by  acids.  The  ash 
consists  mainly  of  chlorine-compounds  and  sulphates.  It  is  re- 
markable that  alkaline  and  earthy  phosphates  are  entirely  absent. 
(Frerichs.) 
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SECTION  XXXV. 

We  have  already  considered  (see  Sec.  i.)  the  peculiar  decomposi- 
tions which  healthy  urine  undergoes  when  left  at  rest  for  some 
time.  These,  changes,  which  we  have  distinguished  by  the  names 
of  acid  and  alkaline  fermentations,  have  a  very  intimate  connexion 
with  the  formation  and  separation  of  its  sediments. 
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We  will,  first  of  all,  consider  the  sediment  which  is  most 
frequently  met  with  in  the  urine — urate  of  soda.  We  often  notice 
that  urine,  which  is  perfectly  clear  when  passed,  separates  this 
sediment  shortly  afterwards.  In  such  case  we  may  conclude,  that 
the  urate  of  soda  is  increased  to  such  an  extent  in  the  urine  that 
it  cannot  remain  in  solution  at  ordinary  temperatures.  This  view  is 
confirmed  by  the  circumstance  that  the  sediment  is  usually  redis- 
solved  when  a  less  concentrated  urine  is  added  to  it,  or  when  it  is 
^^pated. 

^B  It  often  happens,  however,  that  the  urine  remains  clear  long  after 
^H  has  attained  the  same  temperature  as  the  surrounding  air,  and  that 
^^le  separation  of  sediment  does  not  take  place  for  twelve  or  twenty- 
four  hours  after  the  urine  has  been  passed.  Becquerel  also  has  ob- 
served that  urine  which  throws  down  no  sediment  often  contains  more 
of  the  urates  than  urine  which  deposits  a  sediment.  Consequently, 
the  cause  of  the  separation  of  the  sediment  must  be  sought  else- 
where. Lehmann  considers  that  the  cause  of  the  deposition  of  the 
urates  is  to  be  found  in  the  colouring  extractive  matter,  which  also, 
according  to  Scherer's  observations,  occasions  the  separation  of  free 
uric  acid  as  sediment.  According  to  Lehmann,  the  solubility  of  the 
urate  of  soda  is  increased  by  the  colouring  extractive  matter,  and  the 
decomposition  of  the  pigment  exercises  an  influence  over  the  entire 
constitution  of  this  salt. 

We  have  already  seen  how  prone  the  colouring-matter  of  the  urine 
is  to  undergo  decomposition,  especially  when  subjected  to  the  influ- 
ence of  the  air,  and  that  free  acids,  in  small  quantities,  are  at  the  same 
time  produced.  If,  therefore,  we  expose  to  the  air  sediment  which  is 
originally  colourless,  and  contains  no  free  uric  acid,  the  beautiful  red 
colour  of  urine-pigment  will  first  appear  in  the  moist  sediment  col- 
lected on  the  filter ;  and  if  we  now  endeavour  to  dissolve  it  in  water, 
we  shaU  find  that  more  or  less  uric  acid,  in  the  form  of  bei^utiful 
crystals,  will  remain  behind.  The  phenomenon  is  readily  explained. 
In  consequence  of  the  decomposition  of  the  pigment  free  acids  are 
formed ;  these  withdraw  a  portion  of  its  base  from  the  urate  of  soda, 
and  uric  acid  is  thereby  separated,  the  filtered  fluid  not  having  an 
alkaline  but  a  neutral  reaction. 

Lehmann  considers,  from  these  facts,  that  he  is  justified  in  drawing 
the  following  conclusion  concerning  the  origin  of  uric  acid  sediments  : 
— ^Neutral  urate  of  soda  is  dissolved  in  the  urine,  but  whenever  any 
free  acid  is  formed  through  the  decomposition  of  the  pigment,  the 
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urate  of  soda  undergoes  a  change ;  it  loses  a  portion  of  its  base,  and 
the  originally  neutral  salt  is  separated  as  an  acid  urate  of  soda.  This 
view  is  strengthened  by  the  fact,  that  the  sediment  usually  met  with 
consists  of  acid  urate  of  soda. 

Scherer  has  pointed  out  in  the  clearest  manner  the  mode  of  forma- 
tion of  uric  acid  sediments ;  and  there  is  no  doubt  that  his  description 
is  correct.  He  has  proved  that  the  decomposition  of  the  pigment- 
matter  is  to  be  considered  as  the  sole  cause  of  their  production. 
Sediment  of  free  uric  acid  is  very  rarely  found  in  fresh  urine ;  and  we 
know  that  the  acidity  of  urine  in  the  first  instance  invariably  increases, 
that  it  undergoes,  in  fact,  the  acid  fermentation,  and  then  deposits 
crystals  of  free  uric  acid.  Scherer  first  observed  this  process ;  and 
Lehmann  concludes  from  it  that  uric  acid  sediments  are  the  product 
of  the  decomposition  which  the  urine  undergoes  out  of  the  body. 
As  we  have  already  explained  (Sec.  i.),  the  free  acid,  which  is 
produced  through  the  action  of  the  mucus  of  the  bladder  upon  the 
pigment-matter  of  the  urine,  readily  decompose  the  hghtly-combined 
salts  of  uric  acid,  uniting  with  a  portion  of  their  base,  and  throwing 
down  the  uric  acid  in  a  crystalline  form.  Moreover,  it  is  to  be  noted, 
that  oxalate  of  Hme  may  be  formed,  or  at  all  events  separated, 
during  the  process  of  fermentation,  for  in  most  cases  crystals  of 
oxalate  of  lime  are  not  found  in  fresh  urine ;  when,  however,  the  acid 
fermentation-process  has  occasioned  a  precipitate  of  uric  acid  crystals, 
single  crystals  of  oxalate  of  lime  are  found  mingled  with  them 
Consequently,  the  formation  of  oxalic  acid  appears  to  be  intimate! 
connected  with  the  separation  of  uric  acid. 

This  fermentation-process  of  the  urine  having  at  length  reached 
its  maximum  of  acidity,  a  change  commences.  In  the  course  of  a 
few  days,  or  it  may  be  weeks,  the  acid  disappears,  and  the  surface  of 
the  urine  becomes  covered  with  threads  of  fungi,  confervse,  and  algae ; 
from  the  neutral  it  gradually  passes  into  an  alkaline  condition,  and 
the  crystals  of  uric  acid,  which  have  been  separated,  disappear,  and 
are  replaced  by  other  sediments.  The  ammonia,  resulting  from  the 
decomposition  of  the  urea,  causes  a  separation  of  earthy  phosphates, 
of  phosphate  of  lime  as  such,  and  of  beautiful  crystals  of  ammonio- 
phosphate  of  magnesia.  At  the  same  time  a  portion  of  the  ammonia 
unites  with  the  uric  acid,  and  forms  a  sediment  of  urate  of  ammonia. 
The  urine  in  this  condition  effervesces  with  acids  ;  the  greater  part  of  '\ 
its  pigment  is  decomposed,  and  its  yellow  colour  almost  wholly  lost. 

This  alkaline  fermentation,  the  promoting  agent  of  which  is  the 
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decomposed  mucus  of  the  bladder,  is  not  in  all  cases  preceded  by  the 
acid  fermentation.  It  sometimes  occurs  at  an  earlier  period,  and  in 
fact,  within  the  bladder  itself,  in  affections  of  its  mucous  membrane — 
a  proof  that  urine  is  sometimes  originally  alkaline,  even  when  its 
alkalinity  is  not  caused  by  the  ingestion  of  organic  alkaline  salts. 

Scherer  has  also  endeavoured  to  show  that  this  fermentation-pro- 
cess, when  it  takes  place  in  the  bladder,  is  the  chief  cause  of  the 
formation  of  urinary  calcuH. 

The  ordinary  sediments  of  urine  may,  in  accordance  with  what  has 
been  said,  be  grouped  together  in  the  following  way : — 

1.  Sediments  caused  hy  the  acid  fermentation. — The  mucus  of  the 
adder  acts  as  a  ferment  upon  the  pigment-matter,  producing  free 
lactic  and  acetic  acids,  whereby  are  thrown  down, — 

Kl.  Free  uric  acid. 
2.  Acid  urates  (soda,  &c.). 
3.  Oxalate  of  lime. 
2.  Sediments  caused  hy  the  alkaline  fermentation. — Carbonate  of 
monia  is  formed  in  the  urine ;  the  free  uric  acid  disappears,  and 
the  following  salts  are  separated  : — 

1.  Ammonio-phosphate  of  magnesia. 

2.  Phosphate  of  lime. 

3.  Urate  of  ammonia. 
Infusoria,  fungi,  and  yeast-globules  are  formed  at  the  same  time. 
We  will  now  proceed  to  the  particular  consideration  of  each  of 

these  bodies. 


^oe( 


I.— UNORGANISED  SEDIMENTS. 

section  xxxvi. 

Uric  Acid. 

Uric  acid  is  not  found  as  a  sediment  except  in  very  acid  urine ;  it 
is  generally  accompanied  with  urates,  especially  with  acid  urate  of 
soda.  As  a  sediment  it  is  always  coloured ;  sometimes  it  is  of  a  very 
pale  yellow,  but  ordinarily  of  a  deep  yellow,  orange-red,  or  brown 
colour.  Its  crystalline  condition  is  readily  recognisable  even  with  the 
naked  eye ;  and  when  examined  wdth  the  microscope,  it  exhibits  the 
various  forms  already  described.  (Sect,  vi.)  Pour-sided  tables  or 
six-sided  prisms  of  a  rhombic  character,  which  by  rounding  of  their 
obtuse  angles  form  spindle-  and  barrel-shaped  crystals,  are  charac- 


114  SEDIMENTS  OF  URATES. 

teristic  of  uric  acid.  Should,  however,  any  doubt  exist  as  to  the 
nature  of  the  crystals,  the  sediment  should  be  dissolved  on  the  object- 
glass  in  a  drop  of  caustic-potash,  and  a  little  hydrochloric  acid  added 
to  it.  By  this  process  we  obtain  the  ordinary  forms  of  the  crystals. 
Uric  acid,  when  mixed  with  any  of  the  urates,  may  be  separated  by 
heat  and  filtration ;  the  uric  acid  salts  are  thereby  dissolved,  and  tlu 
free  uric  acid  left  behind  on  the  filter.  We  may  also  employ  the 
chemical  test,  the  murexide-reaction,  for  which  an  extremely  small 
quantity  of  uric  acid  is  sufficient.  (See  Sect,  vi.,  Plate  I.  Figs.  2 
and  3,  Plate  11.  Fig.  4,  Plate  III.  Fig.  1.)  Table-shaped 
crystals  of  uric  acid  aggregated  together  in  a  fan-like  form,  as 
delineated  by  Funke  in  his  "  Atlas "  Plate  XI I.  Fig.  5,  are  not  so 
frequently  met  with  in  urinary  deposits. 


SECTION  xxxvii. 
Ueates, 

Salts  of  uric  acid,  present  witli  free  uric  acid  in  the  sediment, 
may  be  separated,  as  already  mentioned,  by  warming  the  urine ;  they 
separate  again  from  the  filtrate  as  it  cools.  All  the  urates,  with  the 
exception  of  urate  of  ammonia,  are  met  with  only  in  acid  urine. 
Their  colour  varies  much,  especially  when  they  are  exposed  to  the  air, 
whereby  they  are  decomposed.  They  are  usually  of  a  greyish-white, 
white,  rosy-red,  brownish-red,  or  purple-red  colour ;  and  in  this  way 
often  resemble  organic  substances,  such  as  blood,  pus,  &c.,  from 
which  they  can  only  be  distinguished  by  the  aid  of  the  microscope. 
Chemically,  their  presence  is  readily  shown  by  their  conduct  with 
nitric  acid  and  ammonia  (the  formation  of  murexide),  as  well  as  by 
their  solubility  in  hot  water. 

1.  Acid  urate  of  soda  generally  appears  in  the  form  of  amorphous, 
irregular  granules,  of  very  small  size.  Prepared  artificially,  by  solu- 
tion of  uric  acid  in  a  warm  solution  of  ordinary  phosphate  of  soda, 
it  is  obtained  as  microscopic  prismatic  crystals,  which  are  usually 
grouped  together  in  stellate  masses.  Similar  forms  are  sometimes 
found  in  the  urine  at  the  termination  of  its  acid  and  the  commence- 
ment of  its  alkaline  fermentation.  Very  complicated  forms  are  often 
observed  under  the  microscope  at  this  transition-period  of  the  fer- 
mentation ;  the  crystals  of  uric  acid,  separated  during  the  acid  fer- 
mentation, are  now  more  or  less  in  course  of  re-solution,  and  studded 
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with  beautiful  groups  of  prismatic  crystals  of  urate  of  soda ;  at  the 
same  time  concentrically  striped  balls — probably  of  urate  of  ammonia 
— may  be  seen  here  and  there  scattered  over  the  prismatic  crystals. 
This  urine  still  slightly  reddens  litmus.  As  the  fermentation  proceeds, 
and  wlien  neutral  reaction  sets  in,  we  also  occasionally  observe  pris- 
matic groups  of  acid  urate  of  soda ;  but  we  now  find  them  accompanied 
with  line  large  crystals  of  ammouio-phosphate  of  magnesia. 

Acid  urate  of  soda  is  very  little  soluble  in  water,  requiring  124 
parts  of  boihng,  and  1,150  of  cold  water,  for  its  solution.  It  is  sepa- 
rated from  the  urine,  in  a  crystalline  form,  as  uric  acid,  on  the  addi- 
tion of  hydrochloric  acid.  Heated  with  potash,  it  does  not  give  off 
ammonia,  but  leaves  a  white  residue  when  heated  to  redness.  This 
residue,  when  moistened  with  water,  turns  red  litmus-paper  blue, 
and  effervesces  with  acids  (carbonate  of  soda).  Acid  urate  of 
soda  is  usually  found  in  the  urine  in  febrile  states  of  the  body,  and 
whenever  the  respiration,  or  rather  the  oxidation  of  the  blood,  is 
impeded. 

Tlate  II.  Figs.  1,  2,  Urinary  sediment  of  urate  of  soda.  Plate 
II.  Fig.  4,  Sediment  consisting  of  urate  of  soda,  uric  acid,  and  fer- 
mentation-globules, in  urine  which  has  been  left  at  rest,  and  is 
passing  into  the  stage  of  acid  fermentation.     {Plate  L  Fig.  3) . 

2.  Acid  urate  of  ammonia  is  less  frequently  met  with  than  acid 
urate  of  soda.  It  is  usually  found  in  alkaline  urine,  mixed  with  earthy 
phosphates.  Under  the  microscope  it  appears  to  consist  of  opaque 
globular  masses,  from  which  peculiar  delicate  spikelets  project,  like 
the  spines  of  a  hedge-hog.  When  a  drop  of  hydrochloric  acid  is 
added  to  it,  under  the  microscope,  the  well-known  crystals  of  uric 
acid  soon  make  their  appearance.  It  is  soluble  in  boiling  water,  but 
separates  again  as  the  water  cools.  Ammonia  is  generated  when  it 
is  treated  with  caustic-potash.  With  nitric  acid  and  ammonia  it  yields, 
like  pure  uric  acid  or  the  other  salts  of  uric  acid,  the  well-known 
murexide-reaction. — Plate  II.  Fig.  5. 

3.  Acid  urate  of  lime  is  rarely  met  with,  and  only  in  small 
quantities.  It  forms  a  white,  amorphous  powder,  very  soluble  in  water, 
which  when  exposed  to  a  red  heat  leaves  behind  carbonate  of  hme. 

Tests. — The  recognition  of  the  urates  in  urinary  deposits  is  by  no 
means  difficult.  By  far  the  most  common  of  them  is  the  amorphous 
acid  urate  of  soda.  The  ammoniacal  salt  is  less  frequently  met  with ; 
it  is  always  readily  known  by  its  spiked  globular  form.  When  we 
have  satisfied  ourselves  (by  the  formation  of  crystals  of  uric  acid,  on 
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the  addition  of  a  drop  of  hydrochloric  acid)  of  the  presence  of  a  salt 
of  uric  acid  in  the  sediment,  we  collect  the  whole  of  the  sediment  on 
a  filter.  A  portion  of  it  is  heated  on  platinum-foil  until  it  is  converted 
into  an  ash,  which  is  then  moistened  with  water,  and  tested  with 
turmeric-paper.  If  the  paper  becomes  brown,  the  presence  of  soda  or 
potass  is  indicated.  Another  portion  of  it  is  heated  with  caustic-potass ; 
and  if  ammoniacal  vapour,  which  turns  reddened  litmus-paper  blue, 
is  given  off,  the  presence  of  an  ammoniacal  salt  is  shown.  The 
remainder,  however  small  the  quantity  of  it,  may  serve  for  the 
murexide  test.  The  distinction  between  urate  of  soda  and  urate  of 
ammonia  is  readily  shown  microscopically,  by  treating  the  washed 
sediment  with  hydrochloric  acid,  and  allowing  it  to  evaporate  slowly 
on  the  object-glass.  The  microscope  shows  (in  addition  to  the 
crystals  of  uric  acid  which  are  separated)  cubes  of  chloride  of  sodium 
if  urate  of  soda  was  present,  or  the  efflorescence  of  sal  ammoniac  if 
urate  of  ammonia  existed  in  the  urine. 


section  xxxviii. 
Oxalate  of  Lime. 


Composition  of  hydrated  oxalic  acid  : — 
In  100  parts  :  Carbon 
Oxygen 
Water   .     . 

.     .     26-667 
.     .     53.333 

.     .     20-000 

Formula:  C2O3-I-HO. 

100-000 

I 


A.  Origin. — Although  oxalic  acid  is  widely  distributed  through  the 
vegetable  kingdom,  it  is  only  met  with  in  very  small  quantities  in 
animal  bodies,  and  always  in  combination  with  lime.  Oxalate  of 
lime  appears  in  the  urine,  both  normally  and  pathologically,  as  a 
sediment  in  the  form  of  well-marked  crystals.  It  is  chiefly  met  with 
in  cases  of  impeded  respiration,  in  emphysema  of  the  lungs,  and 
during  convalescence  from  severe  diseases,  particularly  from  typhus. 
According  to  Lehmann,  the  oxalate  of  lime  is  held  in  solution  in  the 
urine  as  it  comes  fresh  from  the  bladder;  and  this  seems  probable, 
inasmuch  as  the  oxalate  is  tolerably  soluble  in  a  solution  of  biphos- 
phate  of  soda,  which  is  the  chief  source  of  the  free  acid  in  healthy 
urine;  We  may,  indeed,  according  to  Lehmann's  assertions,  readily 
satisfy  ourselves  of  this.  The  urine  is  filtered  and  evaporated,  and 
moderately  concentrated  spirits  of  wine  added  to  its  solid  residue ; 
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ether  is  next  shaken  with  the  spirituous  extract,  and  after  this  opera- 
tion we  find  in  the  alcoholic  extract  a  sediment,  which  is  insoluble  in 
water,  and  consists  of  beautiful  crsjtals  of  oxalate  of  lime. 

Oxalate  of  lime  separates  from  filtered  urine  only  after  it  has 
stood  for  some  time,  together  with  a  few  uric  acid  crystals.  Oxalate 
of  lime,  again,  is  often  separated  in  large  quantities,  as  soon  as  the 
acid  fermentation  of  the  urine  commences,  and  is  then  readily  found 
in  the  sediment  with  uric  acid.     (Sect,  xxxv.) 

Yegetable  diet,  effervescing  wines  and  beer,  as  well  as  the  internal 
use  of  bicarbonates  of  the  alkalies,  alkaline  salts  of  organic  acids,  free 
uric  acid  and  salts  of  uric  acid  often  increase  the  quantity  of  oxalate 
of  Hme  in  the  urine. 

Beneke  has  made  some  very  interesting  observations  respecting 
the  origin  of  oxalate  of  Hme  in  abnormal  urine.  (Beneke,  der  pJios- 
phors.  und  oxals.  Kalk.    Gottingen,  1850.) 

B.  Microscopical  Characters. — Oxalate  of  lime,  prepared  artifi- 
cially (as  by  the  precipitation  of  a  salt  of  lime  with  oxalate  of  am- 
monia, &c.),  appears,  under  the  microscope  in  the  form  of  perfectly 
amorphous  masses,  in  which  not  the  slightest  trace  of  crystallisation 
is  observable.  Separated,  however,  from  the  urine  in  the  form  of  a 
sediment,  it  assumes  very  characteristic  forms.  Crystals  of  the  oxalate 
of  lime  thus  obtained  appear  in  the  form  of  small,  shining,  well- 
defined,  perfectly  transparent,  square  octohedra,  having  a  strongly 
refractive  power.  Some  of  the  crystals,  however,  are  occasionally 
found  with  very  acute  angles.  Beneke,  in  the  work  above  referred  to, 
also  describes  peculiar  hourglass-shaped  crystals,  and  others,  of  a 
square  columnar  form,  with  pyramidal  summits.  (Beneke,  Plate  I. 
Figs.  4  to  10.)     (Funke,  Plate  I.  Fig,  1.  Plate  L  Fig.  3.) 

Beautiful  crystals  of  oxalate  of  lime  separate  from  urine  which 
throws  down  no  sediment,  when  a  ddute  solution  of  oxalate  of 
ammonia  is  carefully  poured  over  without  disturbing  it.  I  have  in 
this  way  artificially  prepared  a  large  quantity  of  most  beautiful 
crystalhne  forms.  The  relation  of  oxalate  of  lime  to  acid  phosphate 
of  soda  is  interesting.  When  common  phosphoric  acid  is  added  to  a 
solution  of  ordinary  phosphate  of  soda,  until  a  drop  of  the  mixture, 
on  testing,  is  found  to  be  no  longer  clouded  by  a  solution  of  chloride 
of  barium  (a  proof  that  the  fluid  contains  only  acid  phosphate  of 
soda),  dilute  solutions  of  chloride  of  calcium  and  oxalate  of  ammonia 
may  be  added  in  drops,  without  occasioning  any  turbidity  or  sepa- 
ration of  oxalate  of  lime.  If  very  dilute  caustic-soda  is  now  care- 
fully  dropped   into  this  solution,  which  remains  clear   even   after 
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long  standing,  the  oxalate  of  lime  in  solution  is,  after  a  short  time, 
separated  in  the  form  of  regular  crystals. 

Even  the  acid  solution,  obtained  by  boiling  uric  acid  with  phosphate 
of  soda,  may  also  hold  oxalate  of  lime  in  solution,  and  often  yields, 
when  diluted,  beautiful  octohedra  of  oxalate  of  lime,  together  with 
crystallised  urate  of  soda. 

The  crystals  are  insoluble  in  water,  and  are  scarcely  affected  by 
acetic  and  oxalic  acids ;  they  are,  however,  readily  dissolved  in  strong 
mineral  acids. 

c.  Tests. — Oxalic  acid  is  always  found  in  the  urine  in  combination 
with  lime,  and  is  therefore  readily  recognised  by  its  characteristic 
crystalline  forms.  The  letter-envelope  shape  of  the  crystals  is  very 
peculiar,  and  cannot  be  confounded  with  any  other  crystalline  form 
in  urinary  sediments.  The  only  crystals  with  which  they  might 
possibly  be  confounded,  are  those  of  common  salt ;  but  salt,  unlike 
oxalate  of  lime,  is  very  soluble  in  water,  and  could  never  exist  as  a 
sediment  in  the  nrine. 

Sometimes  we  meet  with  larger  forms  of  oxalate  of  lime,  which 
somewhat  resemble  the  crystals  of  ammonio-phosphate  of  magnesia ; 
but  the  solubility  of  this  double  salt  in  acetic  acid  (in  which  oxalate 
of  lime  is  insoluble),  as  well  as  its  microscopic  characters,  enable  us 
readily  to  distinguish  the  one  from  the  other. 

If,  again,  the  urine  is  very  acid,  the  crystals  of  oxalate  of  lime 
(which,  as  we  have  already  said,  is  tolerably  soluble  in  a  solution  of 
acid  phosphate  of  soda)  are  more  readily  separated  when  the  urine 
is  left  some  time  at  rest,  and  the  free  acid  nearly  neutralised.  JFor 
this  purpose  a  conical-shaped  glass  should  be  used,  and  when  the 
sediment  has  collected  in  the  pointed  bottom,  the  supernatant  liquid 
is  poured  off,  and  a  drop  of  the  fluid  left  at  the  bottom  is  then  placed 
under  the  microscope. 

To  test  urine,  which  throws  down  no  sediment,  for  oxalic  acid,  we 
must  make  use  of  Lehmann's  process,  above  described,  in  which  the 
alcohoHc  extract  is  shaken  with  ether,  and  the  previously  dissolved 
oxalate  of  lime  separated  in  a  crystalline  form. 


section  xxxix. 
Earthy  Phosphates. 
Sediments  of  this  kind  consist  of  phosphate  of  lime  and  aramonio- 
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phosphate  of  magnesia,  both  of  which  compounds  are  in  most  cases 
met  with  together.  It  rarely  happens  that  one  of  them  exists  alone 
in  the  urine.  They  do  not  form  in  acid  urine,  on  account  of  their 
ready  solubility,  even  in  very  weak  acids.  They  never  appear  except 
when  the  urine  has  undergone  the  alkaline  fermentation,  either  within 
or  out  of  the  bladder. 

1.  Ammonio-pJwsphate  of  Magnesia. — This  sediment  is  not  met 
with  in  healthy  urine ;  but  it  always  appears  in  the  form  of  remark- 
ably beautiful  crystals,  when  the  urine  becomes  alkaline.  In  some 
(liseases — in  serious  affections  of  the  bladder  or  spinal  marrow — 
large    quantities  of   sediment  is   often  found,  consisting  of   these 

crystals.  In  diabetic  urine,  Lehmann  once  observed  a  white  shining 
idiment,  which  consisted  solely  of  ammonio-phosphate  of  mag- 
lesia,  without  a  trace  of  lime. 

The  crystals  of  this  double  compound  (the  triple  phosphate)  may 
)e  always  readily  recognised  by  their  characteristic  forms.  The 
forms  most  frequently  met  with  are  combinations  of  right  rhombic 
prisms,  Plate  11.  Fig.  3,  Fig.  5.  The  crystals  are  insoluble  in  hot 
water,  but  readily  dissolve  on  the  addition  of  acetic  acid,  and  may 
be  thus  distinguished  from  those  forms  of  oxalate  of  lime  to  which 
they  bear  a  resemblance.     They  are  not  affected  by  alkalies. 

2.  Phos;phate  of  Lime,  as  a  sediment,  forms  an  amorphous,  and 
frequently  also  a  crystalline  powder.  It  is  insoluble  in  water ;  but 
soluble  in  acids,  even  in  acetic  acid,  and  is  precipitated  from  their 
solutions  by  alkalies  in  an  amorphous  state.  Consequently,  this  sedi- 
ment only  appears  in  slightly  acid,  neutral,  or  alkaline  urine. 

Phosphate  of  lime,  in  urine  which  has  only  a  feebly  acid  reaction,  is 
frequently  held  in  solution  by  carbonic  acid  only,  and  is  separated  in 
white  flakes,  closely  resembling  those  of  albuminous  coagula,  when 
the  carbonic  acid  is  expelled  by  boiling. 

Sediments  of  crystalline  phosphate  of  lime  are  also  not  unfrequently 
met  with,  and  sometimes  mingled  with  triple  phosphates.  The 
size,  form,  and  grouping  of  the  crystals  of  this  phosphate  of  lime 
vary  considerably,  but  they  always  present  signs  sufficiently  charac- 
teristic to  admit  of  their  being  at  once  recognised  under  the  micro- 
sco])e.  The  crystals  are  sometimes  solitary,  and  sometimes  aggre- 
gated, frequently  forming  coils  and  rosettes.  At  times  they  are 
thin  and  acicular,  often  forming  globe-like  glands  of  crystals,  by 
lying  upon  and  crossing  each  other  at  right  angles.  Again,  they  are 
often  small  and  smooth,  and  present  sharp  or  pointed  extremities. 
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Very  frequently  also  the  crystals  are  thick,  more  or  less  wedge-shaped, 
and  so  attached  by  their  pointed  extremities  as  to  describe  parts  of 
a  circle.  Their  free  and  broad  extremities  are  usually  somewhat 
oblique,  and  the  perfectly  formed  crystals  present  six  surfaces. 

Urine,  which  deposits  much  phosphate  of  lime  in  a  crystalline 
form,  is  generally  pale  in  colour,  abundant  in  quantity,  and  of 
slightly  acid  reaction,  but  is  readily  rendered  alkaline  by  the 
mucus  with  which  it  is  mixed.  According  to  Dr.  Bence  Jones, 
this  sediment  may  be  produced  by  the  administration  of  lime- 
water  or  acetate  of  lime.  His  formula  for  crystallised  phosphate 
of  lime  is  2  Ca  0,  H  O,  P  0^,  and  for  the  amorphous  phosphate 
3CaO,PO,. 

Tests. — The  tests  of  the  earthy  phosphates,  and  particularly  of 
the  ammonio-phosphate  of  magnesia,  are  readily  apphed;  the 
presence  of  these  salts  is  sufficiently  characterised  both  by  their 
origin,  and  by  their  microscopic  and  chemical  characters.  Should 
they  be  mixed  with  other  deposits,  the  following  differential  tests 
may  be  made  use  of.  Salts  of  uric  acid  readily  dissolve  in  hot 
water,  but  the  phosphates  are  insoluble  in  it.  Oxalate  of  lime, 
which  in  certain  of  its  forms  may  certainly  be  confounded  with 
the  ammonio-phosphate  of  magnesia,  is  insoluble  in  acetic  acid, 
which  readily  takes  up  the  latter.  Pree  uric  acid  cannot  occur 
simultaneously  with  the  earthy  phosphates,  and  is  readily  recog- 
nised both  by  its  crystalline  form,  as  well  as  by  its  solubility  in 
alkalies.  The  murexide-reaction  will  always  remove  any  doubt 
upon  this  point. 


SECTION   XL. 

Cystine. 

nposition : — 

In  100  parts :  Carbon  .     . 

.     .     3000 

Hydrogen    . 

.     .       5-00 

Nitrogen 

.     .     11-66 

Sulphur 

.     :     26-67 

Oxygen 

.     .     26-67 

100-00 

Pormnla:  CHNS^O,. 
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A.  Origm. — Cystine  was  originally  discovered  in  a  urinary  cal- 
culus, but  it  has  since  been  often  found  in  the  urine  in  a  state  of 
solution,  and  precipitated  out  of  it  by  acetic  acid.  It  is  also  found 
as  a  sediment  mixed  with  urate  of  soda.  The  occurrence  of  cystine 
as  a  urinary  calculus  is  very  rare;  of  129  specimens  of  calculi  only 
two  contained  cystine.  (Taylor.)  Cloetta  has  recently  found  cystine 
in  the  juice  of  the  kidneys,  together  with  inosite  and  hypoxanthine. 
Scherer  on  one  occasion  found  it  in  the  liver. 

Julius  Miiller  (Archiv  d.  Pharmac,  March,  1852,  p.  228), 
describes  a  urinary  calculus  containing  cystine,  which  was  removed 
by  operation  from  the  bladder  of  a  boy  6  J  years  of  age.  The 
urine  of  this  boy,  which  could  only  be  obtained  in  small  quantities 
before  the  operation,  threw  down  an  alkaline  sediment,  containing 
numerous  mucus  corpuscles,  but  neither  uric  acid  nor  earthy 
phosphates.  Only  a  small  quantity  of  urate  of  soda,  but  much 
chloride  of  sodium  was  found  dissolved  in  it.  The  calculus  weighed 
268|  grains,  and  contained  55*55  per  cent,  of  cystine.  Imme- 
diately after  the  operation  the  urine  presented  an  acid  reaction,  threw 
down  a  mucous  sediment,  and  contained  less  uric  acid  and  earthy 
phosphates,  than  healthy  urine.  Eight  weeks  later  the  alkaline 
reaction  again  appeared  in  it ;  it  contained  much  chloride  of  sodium 
and  urea,  but  only  a  trace  of  uric  acid.  On  standing,  it  deposited 
a  sediment  of  ammonio-phosphate  of  magnesia  and  cystine,  which 
was  readily  recognised  by  its  crystalline  form  under  the  microscope, 
after  the  removal  of  the  magnesian-salt  by  acetic  acid.  The  filtered 
urine  also,  when  acetic  acid  was  added  to  it,  threw  down  a  precipi- 
tate in  the  course  of  twenty-four  hours,  which  when  dissolved  in 
ammonia,  left  on  evaporation  of  the  solution,  the  clfaracteristic  micro- 
scopic tables  of  cystine.  Prom  this  it  follows,  that  the  production 
of  the  cystine  in  the  urine  of  this  lad  continued  after  the  operation. 

Toel  {Annual,  d.  Chem.  et  Tharm.  vol.  96,  p.  24)  has  made 
some  interesting  observations  at  Bremen  concerning  the  production 
of  this  remarkable  substance,  in  the  case  of  two  young  women,  by 
whom  it  was  constantly  passed  with  the  urine,  partly  in  solution 
and  partly  as  a  sediment.  These  women  had  suffered  from  calculus 
of  the  kidney.  The  quantity  of  the  cystine  separated  reached  in  each 
an  average  of  about  1.4  gramme  in  24  hours. 

B.  Microscopic  characters. — Cystine  crystallises  under  the  micro- 
scope in  the  form  of  transparent,  colourless,  six-sided  plates  or 
prisms.  As,  however,  uric  acid  occasionally  crystallises  in  six-sided 
tables,  the  microscopic  investigation  of  the  cystine-crystals  does  not 
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suffice  for  the  determinatiou  of  their  nature.     The  sediment  must, 
therefore,  be  examined  chemically.     {Plate  HI.  Fig.  4.) 

c.  Chemical  characters. — Cystine  is  a  neutral  body,  without  taste 
and  smell,  insoluble  in  water,  but  soluble  in  mineral  acids  and  in 
oxalic  acid,  wdth  which  it  forms  saline  compounds,  that  readily 
undergo  decomposition.     It  is  not  soluble  in  acetic  or  tartaric  acids. 

2.  Cystine  treated  with  nitric  acid  is  decomposed  and  dissolved, 
and  on  evaporation  of  the  fluid  a  reddish-brown  mass  is  left,  which 
does  not  give  the  murexide-reaction  with  ammonia. 

3.  Heated  on  platinum-foil,  cystine  does  not  fuse,  but  burns  with  a 
bluish-green  flame,  giving  off  a  sharp,  acid,  and  characteristic  odour, 
which  resembles  that  of  prussic  acid.  Subjected  to  dry  distillation, 
it  yields  ammonia  and  a  fetid  oil,  a  porous  coal  remaining  as  residue. 

4.  Caustic  alkalies  and  carbonates  of  the  fixed  alkalies,  as  well  as 
caustic  ammonia,  readily  dissolve  cystine,  but  carbonate  of  ammonia 
does  not.  Consequently,  we  always  precipitate  it  from  its  acid 
solutions  by  carbonate  of  ammonia,  and  from  its  alkahne  solutions 
by  acetic  acid. 

5.  Cystine  boiled  with  caustic-potash,  in  which  oxide  of  lead  has  been 
previously  dissolved,  tlirows  down  a  large  quantity  of  sulphuret  of 
lead.     (Liebig.) 

6.  When  cystine  is  boiled  with  caustic-potash,  ammonia  is  pro- 
duced, and  a  gas  which  burns  with  a  blue  flame. 

D.  Tests. — Cystine  is  chiefly  characterised  by  its  crystalline  form, 
by  its  solubility  in  mineral  acids  and  alkalies,  and  by  its  conduct 
when  exposed  to  heat  or  mixed  with  nitric  acid.  Liebig  has  also 
proposed  as  a  test  its  reaction  with  caustic  alkali  and  oxide  of  lead, 
which  when  boiled  with  cystine  yield  a  large  quantity  of  sulphuret 
of  lead.  But  in  the  application  of  this  test,  it  must  be  remembered, 
that  other  bodies  which  contain  sulphur,  such  as  albumen,  fibrine, 
&c.,  act  in  a  similar  way ;  it  is  therefore  always  necessary  to  ascertain 
that  none  of  these  bodies  are  present,  or  if  any  should  be  present,  to 
remove  them  before  commencing  operations. 

Cystine  may  be  readily  distinguished  from  any  of  the  earthy 
phosphates  or  urates  which  may  be  mixed  with  it,  by  boiling  the 
urine  and  treating  it  with  acetic  acid.  The  boiling  and  acetic  acid 
do  not  affect  the  cystine,  but  dissolve  the  others.  Uric  acid, 
which,  as  we  have  already  stated,  occasionally  crystallises  like  cystine 
in  six-sided  tables,  is  easily  distinguished  from  it  by  the  murexide-test. 
Cystine,  when  subjected  to  the  same  test,  leaves  a  reddish-brown  mass. 
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section-  xli. 

Tyrosine. 

[Compare  with  Section  34.) 

Stadeler  and  Ererichs  found  a  greenish-yellow  crystalline  sediment 
in  the  urine  of  a  woman,  who  was  suffering  from  acute  atrophy  of 
the  liver,  after  it  had  been  allowed  to  stand  for  a  short  time.  This 
sediment  was  considerably  increased  when  the  urine  was  slightly 
evaporated.  It  was  extracted  by  the  action  of  dilute  ammonia,  and 
the  crystals  first  separated  from  the  solution  were  then  recognised  as 
tyrosine.  Another  more  soluble  compound,  probably  homologous 
with  tyrosine,  remained  in  the  mother-liquor;  it  contained  8'83 
per  cent,  of  nitrogen.  The  tyrosine  contains  7*73  per  cent,  of 
nitrogen. 


II.  ORGANIC  SEDIMENTS. 

SECTION    XLII. 

Mucus  AND  Epithelium. 


Animal  mucus  is  the  product  of  the  secretion  of  the  mucous  mem- 
branes, and  holds  in  suspension  the  different  forms  of  the  epithelial 
cells,  which  have  been  separated  from  their  surface.  Urine  always 
contains  mucus,  secreted  from  the  mucous  membrane  of  the  bladder. 
When  the  urine  is  left  at  rest  the  mucus  separates  in  the  form  of 
cloudy,  transparent  flocculi  ;  and  if,  after  the  mucus  has  thus 
gathered  together,  the  urine  be  filtered,  most  of  the  mucus  remains 
on  the  filter  in  separate,  transparent,  colourless  masses;  it  then 
shrivels  up  and  forms  a  shining,  varnish-like  layer. 

Mucine  is  the  essential  coDstituent  of  mucus,  and  the  offshoot  of  a  proteine- 
body ;  it  imparts  to  the  fluid  in  which  it  is  dissolved,  even  though  its 
quantity  be  small,  a  tough,  thready  consistence.  A  solution  of  mucine  is 
not  coagulated  by  boiling  (and  in  this  it  differs  from  albumen) ;  but  it 
readily  coagulates  on  the  addition  of  alcohol,  which  throws  down  the 
mucine  in  dense  flocculi.  Acetic  acid,  as  well  as  a  solution  of  alum  preci- 
pitate mucine ;  the  thread-like  masses  thrown  down  by  acetic  acid  somewhat 
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resemble  coagulated  fibrine  (Funke,  Plate  XI.,  Fig.  6 ;  2n(i  Ed.,  Plate  XV., 
Fig.  6).  Mineral  acids  also  precipitate  nmciiie ;  but  the  precipitate  is 
readily  re-dissolved  by  a  slight  excess.  Mucine  is  especially  distinguished 
from  the  pyine  in  pus,  in  that  it  is  readily  precipitated  by  basic  acetate 
of  lead,  but  not  by  solutions  of  corrosive  sublimate  or  of  sugar  of  lead. 

Urine  always  contains  mucine  in  solution^  which  may  be  pre- 
cipitated as  a  fibrinous  coagulum  by  the  free  addition  of  alcohol. 
"When  urine,  containing  mucus  in  solution,  is  evaporated  to  dryness 
in  a  water-bath,  the  mucus  assumes  an  insoluble  form,  and  presents 
itself  as  a  pellicle  on  the  surface  of  the  concentrated  fluid.  On 
treating  with  alcohol  the  residue,  obtained  by  evaporation,  the  whole 
of  the  mucus  remains  undissolved. 

We  find  the  so-called  mucus-corpuscles,  together  with  well-marked 
nucleated  epithelial  cells  of  the  urinary  passages,  in  the  mucous 
sediment  of  healthy  urine.  These  corpuscles  appear  under  the 
microscope  in  the  form  of  round  cells,  containing  one  or  more  nuclei 
and  many  granules,  and  cannot  be  distinguished  by  any  character- 
istic mark  from  the  colourless  cells  of  blood,  or  from  lymph-,  chyle-, 
or  pus-corpuscles.  [Plate  I.  Figs.  4,  5,  ^  6.  Plate  IL  Figs.  1,  2, 
8f  8.     Plate  III.  Fig.  3.) 

The  clouds  of  mucus,  described  as  present  in  healthy  urine,  are 
often  greatly  increased  in  diseased  states  of  the  mucous  membrane, 
and  exhibit  large  quantities  of  well-formed  epithelial  scales  and 
mucous  floccuh.  We  may  conclude,  that  the  mucous  sediment, 
deposited  when  the  urine  is  left  at  rest,  contains  no  pus,  and  is  in 
fact  formed  wholly  of  mucus,  if  we  find  no  albumen  present  in  the 
filtered  urine ;  when  pus  is  present,  the  urine  always  contains  albu- 
men corresponding  in  quantity  to  the  amount  of  pus-serum.     (Sect. 

XLIV.  B.) 

The  mucus-corpuscles,  which  are  discharged  from  the  urethra  in 
gonorrhoea,  are  usually  distinguished  from  those  of  the  bladder  by  their 
size,  and  their  clear  and  slightly  granular  appearance.  In  disease  of  the 
prostate,  we  meet  with  the  cytoid  corpuscles  of  these  glands,  and 
frequently  also  (as  well  as  occasionally  after  gonorrhoea),  we  observe  long 
mucous  shreds,  which  appear,  under  the  microscope,  to  be  composed  of 
mucus-corpuscles  closely  aggregated  together. 

The  dissolved  mucine  is  often  precipitated  as  a  mucous  coagulum 
at  the  commencement  of  the  acid  fermentation,  probably  through  the 
action  of  the  acids  which  are  formed.     This  coagulum  appears  in  the 
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form  of  narrow  or  broad  twisted  bands,  arranged  in  rows,  and 
consisting  of  extremely  fine  points  and  granules;  it  is  very  fre- 
quently associated  with  the  sediments  of  acid  urate  of  soda. 

These  mucous  coagula  [Plate  IL  Fig.  2)  occasionally  resemble 
somewhat  the  casts  of  granular  kidney  {Plate  I.  Fig.  6),  and  may 
therefore  be  a  source  of  error.  A  little  practice,  however,  readily 
enables  the  observer  to  distinguish  the  one  from  the  other. 


section  xliii. 
Blood. 


The  presence  of  blood  in  the  urine  is  not  a  rare  phenomenon,  and 
may  be  demonstrated  without  any  great  difficulty.  The  existence  of 
blood- corpuscles  in  the  urine,  as  shown  by  their  microscopic  charac- 
ters, is  an  important  test,  being  demonstrative  of  the  presence  of 
blood. 

A.  Microscopic  characters. — Normal  blood-corpuscles  are  small 
round  cells,  probably  filled  with  fluid  matters — ^lisemato-crystalline. 
They  cannot  be  confounded  with  any  other  object  when  examined 
under  the  microscope.  They  appear  as  thick,  circular,  and  slightly- 
biconcave  discs,  with  rounded  borders,  a  colourless  membrane,  and 
contain  a  reddish,  or  by  transmitted  light,  yellowish,  tenacious 
fluid.  These  blood-corpuscles  have  no  distinct  nucleus,  and 
only  a  few  of  them  exhibit  in  their  concave  centre  an  ill-defined 
nucleolus.  They  are  for  the  most  part  massed  together  in  a  num- 
mular form.  Their  size  in  man  equals  about  0*00752  MM.  (Plate 
I.  Fig.  6.  Plate  III.  Figs.  1^2).  They  undergo  peculiar  changes 
and  modifications  of  form  under  the  influence  of  alkaline  salts  and 
of  other  bodies.     These  changes  require  consideration. 

1.  The  action  of  water  on  Mood-corpuscles. 

The  alterations  which  blood-corpuscles  undergo  in  water  vary 
according  to  the  quantity  of  water  employed,  and  the  length  of  time 
they  have  been  mixed  with  it.     (These  changes  are  shown  in  Plate 
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///.  Fig.  2;,  proceeding  from  left  to  right.)  Under  the  action  of 
water  the  cells  swell  out^  assume  at  first  a  somewhat  lenticular 
form,  and  finally  that  of  a  sphere;  their  central  depression  is 
elevated,  and  gradually  bulges  out,  which  necessarily  occasions  a 
diminution  of  the  diameter  of  each  disc.  The  corpuscles  now 
appear  smaller,  the  central  shadow  gradually  vanishes,  whilst  a 
circular  shadow  comes  into  view  at  their  border.  The  cells,  if  still 
further  subjected  to  the  influence  of  water,  become  fainter  and 
paler,  presenting  the  appearance  of  thin  hyaline  vesicles,  which 
gradually  become  invisible. 

%.  Blood-corpuscles  treated  vjith  saline  solutions ^  ^c. 

Blood-corpuscles  treated  with  a  concentrated  solution  of  a  neutral 
salt,  such  as  sulphate  of  soda,  become  much  contracted.  This  change 
is  chiefly  recognised,  under  the  microscope,  by  the  more  marked  charac- 
ter of  the  central  depression  thence  resulting ;  the  shadow  wliich  indi- 
cates it  approaching  nearer  the  border  of  the  disc  than  it  does  in  the 
healthy  blood-corpuscles.  The  borders  of  the  blood-corpuscles  at 
the  same  time  lose  their  circular  form ;  they  become  more  or  less 
distorted,  oblong,  or  angular,  and,  instead  of  being  smooth,  are 
notched  and  jagged.  If  blood-corpuscles  which  have  been  rendered 
invisible  by  the  action  of  water  are  treated  with  a  concentrated 
solution  of  sulphate  of  soda,  they  again  become  visible,  but  appear  in 
the  form  just  described,  distorted,  angular,  and  jagged.  (Punke, 
Plate  IX.  Fig.  3.)     Plate  III.  Fig.  2,  below  to  the  right. 

Caustic  alkalies  and  many  of  the  organic  acids,  such  as  acetic 
acid,  distend  the  corpuscle,  altering  its  shape,  and  destroying  it 
more  or  less  rapidly. 

The  organic  colouring-matter,  which  forms  the  chief  contents  of 
the  red  corpuscles,  can  be  made  to  assume  a  crystalline  form  when 
the  blood  is  subjected  to  certain  simple  external  influences.  Funke 
has  given  it  the  name  of  haemato-crystalline.  (Funke,  Plate  X. 
Figs.  1-6.) 

B.  Tests. — In  most  cases  the  blood-corpuscles  found  in  urine 
which  contains  blood  do  not  present  their  normal  form.  If  the 
urine  be  acid,  they  may  retain  their  shape  for  a  tolerably  long  time, 
being  only  a  little  jagged  at  their  borders ;  usually,  however,  they 
are  distended  and  of  a  spherical  form.  Their  colour  is  lighter  than 
natural ;  they  still  present  a  well-defined  contour,  but  they  no  longer 
adhere  together  in  nummular  masses.     These  changes  are  of  the 
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same  kind  as  those  described  above,  and  are  to  be  attributed  to  the 
action  of  the  watery  and  saline  constituents  of  the  urine.  Tlate  I, 
Fig.  6.     Plate  III.  Fig.  1. 

When  the  quantity  of  blood  is  small  the  urine  containing  it  is  left 
at  rest  for  some  time  in  a  conical-shaped  test-glass.  The  blood- 
globules  are  deposited  at  the  bottom  of  the  glass  (in  the  apex  of  the 
cone),  and  the  presence  of  the  blood  may  be  generally  at  once 
recognised  with  the  naked  eye.  The  clear-filtered  urine,  if  blood  be 
present  in  it,  will  also  be  found  to  contain  albumen.  (Sect.  xix. 
c.     Tests  for  Albumen^ 

If  the  microscope  fails  to  discover  blood-corpuscles  or  their  rudi- 
ments, chemistry  must  be  appealed  to,  but  it,  unfortunately,  cannot 
give  us  much  assistance.  If  the  blood-corpuscles  are  destroyed  or 
dissolved,  they  usually  give  the  urine  a  reddish-brown  colour ;  and 
the  urine  is  rendered  albuminous  by  the  presence  of  the  blood.  On 
carefully  adding  acetic  acid  to  such  urine  and  heating  it,  we  obtain 
a  reddish-brown  coagulum,  which  becomes  almost  black  when  dried. 
This  coagulum,  when  dried  and  powdered,  and  treated  with  alcohol 
containing  sulphuric  acid,  imparts  to  the  fluid  a  reddish  or  reddish- 
brown  colour,  if  hsematiue  be  present  in  it ;  and  the  mixture  evapo- 
rated and  heated  to  redness  leaves  an  ash  which  contains  iron. 
Although  iron  may  exist  in  healthy  urine,  its  presence  in  the  dilute 
alcoholic  solution,  above  mentioned,  must  always  be  considered  as 
indicative  of  blood  in  the  urine,  especially  if  there  are  other  co- 
existing signs  of  the  presence  of  blood  in  that  fluid.  Iron,  however, 
obtained  directly  from  the  ash  of  urine  must  never  be  considered  as 
a  proof  of  the  presence  of  blood  in  the  urine. 

Heller,  in  testing  for  heematine,  boils  the  urine,  and  then  adds  to  it  con- 
centrated caustic-potash.  Any  albumen  which  may  have  been  precipitated 
is  dissolved,  and  if  hsematime  is  present,  the  iiuid.  becomes  of  a  bottle- 
green.  On  further  boiling,  and  shaking  the  mixture,  the  earthy  phosphates 
are  precipitated,  carrying  down  with  them  the  hsematine,  and  sometimes 
assume  a  brownish-red,  or  a  blood-red,  and  often  by  dichroism  yield  a 
green  colour  to  transmitted  rays  of  light. 

According  to  Heller,  the  reaction  is  more  certain  when  the  colouring- 
matter  of  the  blood  is  partially  decomposed  and  has  lost  its  red  colour  (?). 
If  the  phosphatic  coagulum  happens  to  be  coloured  by  rhubarb,  senna, 
santonine,  &c.,  and  not  by  hsematine,  we  shall  find  that  it  becomes  violet 
after  it  has  stood  some  time  in  the  air,  and  that  it  is  not  rendered  dichroistic 
by  potash  like  the  precipitated  hsematine-coagulum. 
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SECTION   XLIV. 

Pus. 

The  only  sure  proof  of  the  presence  of  pus  in  the  urine  is  ob- 
tained through  the  microscope.  Chemistry  assists  us  here  even  less 
than  in  the  case  of  blood  in  the  urine. 

A.  Microscopic  characters. — Normal  pus- corpuscles  appear  under 
the  microscope  as  round,  pale,  indistinctly  granular  vesicles  of  various 
sizes.  A  distinct  nucleus  is  usually  visible  in  them ;  it  is,  in  most 
cases,  simple,  and  in  others  split  up  and  imperfect.  All  the  cor- 
puscles do  not  possess  a  well-marked  contour;  in  some  of  them  the 
outline  is  indistinct,  as  if  it  had  been  washed  out. 

1.  F US-corpuscles  acted  on  hy  water. — When  fresh  pus  is  mixed 
with  a  good  deal  of  distilled  water,  the  corpuscles  soon  become  pale 
and  swollen,  and  their  borders  thin;  their  granular  surface  generally 
disappears,  the  nuclei  come  prominently  into  view,  and  a  few 
small,  dark,  point-like  granules  become  visible.  These  changes 
may  be  very  readily  and  satisfactorily  studied  by  observation  of  the 
corpuscles  of  the  mucous  membrane  of  the  mouth ;  the  simple,  and 
in  most  cases  lenticular  nucleus  of  these  corpuscles  is  very 
distinctly  seen  when  water  is  added  to  them.  (Funke,  Tlate  IX. 
Fig.  4..) 

2.  Pus-corpuscles  acted  on  hy  acetic  acid. — Under  the  action  of 
dilute  acetic  acid  or  of  any  other  organic  acid,  or  very  dilute  mineral 
acids,  the  pus-corpuscles  swell  up,  sometimes  becoming  twice  as 
large  as  natural ;  their  surface  loses  its  granular  aspect,  their  walls 
become  extremely  hyaline  and  often  burst ;  the  jagged  and  torn 
remains  of  them  being  here  and  there  visible  in  the  field  of  the 
microscope,  with  the  aid  of  a  good  light.  The  nuclei  previously 
observed  now  come  prominently  into  notice,  varying  both  in  form 
and  in  number;  in  part  they  appear  round,  oval,  lenticular,  or 
horse-shoe  shape ;  and  in  part,  again,  made  up  of  two,  three,  or 
more  parts  in  different  groups,  as  if  from  the  splitting  up  of  the 
simple  nucleus.  (Punke,  Plate  II.  Fig.  3,  Plate  VIII.  Fig.  6.) 
Plate  III,  Fig.  3,  upper  half. 

3.  Caustic  alkalis  rapidly  destroy  pus-corpuscles;  they  do  not, 
however,  wholly  dissolve  them.  The  corpuscles  often  remain  visible 
for  a  short  time,  but  disappear  on  the  addition  of  water,  leaving  a 
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gelatinous  kind  of  residue,  in  wliich  a  few  single  points  may  be  more 
or  less  readily  recognised. 

B.  Tests, — We  must  trust  almost  wholly  to  the  microscope  in 
searching  for  pus  in  the  urine ;  chemistry  gives  us  very  little  assist- 
ance in  distinguishing  its  characters.  The  appearance  of  pus  under 
the  microscope  has  been  described  above.  The  corpuscles  of  pus 
are  distinguished  from  blood-corpuscles  chiefly  by  their  behaviour 
when  treated  with  acetic  acid,  and  also  by  their  granular  surface. 

K'late  I.  Fig.  6.  Plate  11.  Fig.  3.) 
Pus  soon  sinks  to  the  bottom  in  acid  urine,  which  is  left  at  rest,  and 
ten  the  supernatant  urine  is  removed  by  a  pipette,  may  be  collected 
and  subjected  to  microscopical  examination.     Blood-corpuscles  are 
i^not  unfrequently  mixed  with  purulent  sediments,  and  may  be  recog- 
^^■bed  by  their  red  colour,  or  still  more  surely  by  the  microscope.    In 
either  case'the  clear,  filtered  urine  will  contain  albumen  (Sect,  xix.,  c.) . 
In  alkaline  urine  pus  undergoes  essential  changes,  which  are  of  par- 

tsular  interest,  by  reason  of  the  fact,  that  alkaline  urine  is  often 
acnated  containing  a  considerable  quantity  of  pus,  in  cases  of 
catarrh  of  the  bladder,  &c. 

Alkalies  convert  pus  into  a  muco-gelatinous  mass,  which  adheres 
to  the  side  of  the  vessel,  exhibits  no  pus-corpuscles  under  the  micro- 
scope, and  may  be  readily  taken  for  mucus.  In  most  cases,  how- 
ever, in  addition  to  this  tough  mass,  pus-cells  may  be  found  suspended 
in  the  urine,  if  it  be  examined  soon  after  it  is  passed. 

Pus  may  be  readily  distinguished  from  mucus  by  this  behaviour 
under  the  action  of  alkalies.  The  sediment  in  question  is  treated 
with  concentrated  caustic-potash ;  if  it  consist  of  pus,  the  gelatinous 
mass  above  described  is  formed,  and  if  of  mucus,  a  thin  flocculent  fluid. 
(Donne's  Test  for  Pus.) 

xis  the  serum  of  pus  contains  albumen,  albumen  is  always  present 
in  urine,  which  contains  pus ;  consequently,  w^e  can  always  form  an 
approximate  estimate  of  the  quantity  of  pus  from  the  amount  of 
albumen  in  the  filtered  urine — provided,  of  course,  there  is  no  co- 
existing albuminuria.  The  presence  of  blood  in  the  urine  must 
also  be  taken  into  consideration,  as  a  source  of  part  of  the  albumen 
found  in  the  urine. 
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SECTION  XLV. 

UiiiNAEY  Casts  ob,  Cylinders. 

In  many  diseases,,  and  especially  in  Bright^s  disease  of  the  kid- 
neys, peculiar  tubular  or  cylindrical  bodies  are  found  in  the  sedi- 
ment of  the  urine.  These  bodies  have  long  been  the  subject  of  in- 
vestigation. They  differ  somewhat  in  their  structure,  and  have 
consequently  been  divided  by  Lehmann  into  three  different  kinds : — 

1.  Cylinders,  which  appear  to  be  formed  of  the  epithelial  covering 
of  the  tubules  of  the  kidney ;  these  are  found  in  almost  all  cases  of 
inflammatory  irritation  of  the  kidneys,  and  form  regular  cylinders 
around  which  small  cells  and  cell-nuclei  appear  grouped,  somewhat 
in  the  form  of  a  honeycomb.     {Plate  I.  Fig.  4.) 

2.  Cylinders  which  appear  to  have  been  formed  from  exudation 
effused  into  the  tubules  of  the  kidney,  whose  form  they  retain. 
These  cylinders  consist  of  small  granular  rods,  which  are  frequently 
garnished  with  blood-  and  pus-corpuscles.  They  seem  to  consist  of 
fibrine,  for  they  readily  dissolve  in  alkalies, — the  blood-  and  pus- 
corpuscles,  which  they  enclose  being  also  thereby  partly  destroyed,  and 
partly  left  in  suspension  in  the  fluid.  They  are  always  present  in 
Bright^s  disease.  (Frerichs,  Lie  Brighfsche  Krankheit.  Plate  I. 
Fiff.  6.) 

3.  Lastly,  we  sometimes  meet  with  cylinders  which  are  hollow, 
and  possess  hyaline  walls  of  so  fine  a  structure  that  it  is  witii 
difficulty  they  can  be  distinguished  from  the  surrounding  fluid. 
These  often  appear  collapsed,  and  in  folds,  or  as  if  twisted  around 
their  own  axis.  In  the  chronic  form  of  Bright^s  disease  they  only 
appear  singly.     (Lehmann.)     Plate  I.  Fig.  5. 

2'ests. — To  demonstrate  the  presence  of  these  bodies,  the  urine, 
which  is  in  most  cases  highly  charged  with  albumen,  is  allowed  to 
stand  for  some  hours  in  a  conical  glass.  The  sediment  which  forms 
is  generally  white  and  flaky,  or  if  other  substances  are  present,  may 
consist  of  a  thickish  mass.  In  this  sediment,  examined  with  a  180 
to  200  magnifying  power,  the  presence  of  the  casts,  &c.,  is  readily 
ascertained.  Sometimes,  indeed,  the  hyaline  cylinders  (described  at 
3)  may  escape  observation,  but  they  are  at  once  rendered  visible  by 
the  addition  of  a  solution  of  iodine  in  iodide  of  potassium,  which  gives 
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them  a  yellow  colour.  When,  as  often  happens,  only  a  few  cylinders 
are  present,  different  specimens  must  be  prepared  and  carefully 
examined.  Pat,  pus,  epithelium,  blood,  &c.,  frequently  co-exist 
with  the  cylinders  in  these  sediments. 

Care  should  be  taken  not  to  mistake  the  coagulated  mucus 
in  acid  urine  (described  in  Section  xlii.),  which  is  often  found  mixed 
up  with  urate  of  soda,  for  granular  urinary  casts.  [Plate  II.  Fig,  2.) 
See  Mucus,  Sect.  xlii. 

Cancer  and  tubercle  are  described  elsewhere. 


section   xlvi. 
Spermatozoa. 


Spermatozoa  appear  under  the  microscope  as  elements  of  a 
spherical,  or  of  nearly  a  spherical  form,  having  a  well-defined  tail, 
which  is  generally  pointed,  varies  in  length,  and  is  capable  of  spon- 
taneous motion.  We  find  them  in  the  urine  after  coitus,  &c. ;  and 
they  have  also  been  frequently  noticed  in  the  urine  of  patients  suffer- 
ing from  typhus. 

The  form  of  these  spermatozoa  is  so  characteristic,  that  they  can- 
not possibly  be  confounded  with  any  other  microscopic  objects. 
They  are  also  very  indestructible,  a  fact  which  much  assists  us  in 
the  diagnosis  of  semen  in  the  urine.  The  urine  is  allowed  to  ^tand 
at  rest  for  some  hours  in  a  conical-shaped  glass,  so  that  the  sperma- 
tozoa may  be  separated,  and  sink  to  the  bottom  with  the  flocculi  of 
mucus.  The  greater  part  of  the  supernatant  fluid  is  then  carefully 
poured  off,  and  a  drop  of  the  sediment  from  the  very  bottom  of  the 
glass  placed  under  the  microscope.  If  the  little  thready  bodies  of 
spermatozoa  are  present,  they  are  at  once  recognised  by  their 
tadpole-like  form,  above  described.  A  magnifying  power  of  300  to 
400  diameters  is  requisite  for  the  purpose.  In  pure  water,  as  well 
as  in  urine,  especially  if  it  be  very  acid  or  alkaline,  they  soon  lose 
their  movements ;  they  also  often  undergo  a  peculiar  change  of  form, 
the  hinder  part  of  the  tail  being  curved  round  towards  the  fore  part, 
and  spirally  rolled  up.  The  observation  of  Lehmann  is  worthy  of 
note,  viz.,  that  urine  which  contains  semen  very  readily  becomes 
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alkaline,  and  that  in  its  mucous  sediment,  peculiar,  fine,  lamellar- 
like,  and  very  transparent,  spots  are  to  be  found,  although  very  few- 
spermatozoa  are  visible. 

Clemens  has  frequently  noticed  the  passing  away  with  the  urine  of  im- 
perfectly-formed semen;  the  spermatozoa  lying  in  the  cells  and  adhering  by 
their  head  and  tail  to  the  envelope ;  the  tails  seldom  showed  any  signs  of 
motion,  which  only  takes  place  in  perfectly-formed  semen.  Besides  these 
spermatic  cells,  Clemens  often  observed  in  the  urine  of  patients  suffering 
from  spermatorrhoea,  roundish  cells  of  0-0033  to  0'005'"  diameter,  filled  with 
fine  granules,  which  lay  for  the  most  part  on  one  side  of  the  cell.  These 
cells  are  in  reality  the  mother-cells  of  the  spermatozoa.  Such  elementary 
bodies  are  generally  found  in  the  last  drop  of  urine  of  patients  who 
have  been  much  depressed  by  loss  of  semen,  and  also  in  typhus-fever 
patients.     (Canstatt's  Jahresbericht,  1860,  p.  285.) 


section  xlvii. 
Fungi, — Infusoria. 


Pungi  and  Infusoria  are  always  found,  microscopically,  in  urine 
which  has  stood  for  some  time.     They  are  also  sometimes  present  in 
urine  which  has  undergone  decomposition  within  the  bladder,  as  fo^ 
instance,  in  cases  of  catarrh  of  its  mucous  membrane.  'f 

The  infusoria  are  generally  very  small,  and  most  frequently  appear  as 
point-like  monads,  or  as  a  string  of  pearls  or  branched  vibrios.  At  the 
commencement  of  the  decomposition  of  the  urine  only  few  vibrios  are 
observed,  but  as  the  process  advances  they  become  more  numerous, 
collect  on  the  surface,  and  mixed  with  triple-phosphates  and  fungiform 
a  pellicle,  which  breaks  up,  and  finally  sinks  to  the  bottom.  Dr.  Hassal 
noticed  a  second  kind  of  infusoria  in  the  urine,  the  Bodo  urinarius  ; 
those  which  were  alive  and  in  motion  were  oval  and  round,  j^'  long, 
and  ^g'g/  broad,  granular  and  like  mucus-corpuscles.  They  were 
often  broader  at  one  end,  and  furnished  at  different  points  with 
one  or  more,  generally  tw^o  or  three,  threads  or  cilise.  They  multiplied 
by  division.  Dr.  Hassal  considered  them  to  bear  a  close  resem- 
blance to  the  Bodo  intestinalis  of  Ehrenberg.  They  most  commonly 
are  met  with  in  albuminous  urine  associated  with  vibrios.  The 
species  of  fungus  most  frequently  met  with  is  the  urine-fermentation 
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Fig.  2. 


fungus,  having  the  form  of  roundish,  or  oval  nucleated  cells,  which 
are  formed  out  of  the  decomposed  mucus.  These  cells  exist  singly, 
or  are  associated  together  in  rows  and  groups.  {Plate  II,  Figs.  2 
and  4.)  They  are  frequently,  in  advanced  stages  of  the  urine-fer- 
mentation, mixed  with  the  sediments  of  urate  of  soda,  free  uric  acid 
and  oxalate  of  lime. 

The  fungoid  cellules,  formed  during  the  fermentation  of  diabetic 

•ine,  are  oval,  transparent,  and  considerably  larger  than  those  above 

lescribed,  and  in  their  form  and  mode  of  development  correspond 

ith  the  ordinary  yeast-plant.     Their  usual  form  is  oblong,  occa- 

ionally  it  is  round,  their  size  is  variable ; 
of  them  have  a  distinct  round  nucleus, 

rhich  often  looks  like  a  hole.     Together 

dth  them,  threads  of  confervse  are  formed, 

mtaining   sporules    which     are  forked 

md  branched;  and  when  the  urine  has 
jtood  for  some  time,  they  often  form  a 

lense  confused  mass,  which  occupies  the 

diole  field  of  the  object-glass.  Dr. 
Hassal  has  found,  besides  these,  other 
fungus-forms  in  alkaline  urine  which  con- 
tains albumen. 

Sarcinse  have  lately  been  found  by  Dr.  P.  Munk  in  the  urine  of  a 
man  43  years  old.  The  freshly-passed  urine  had  constantly  an 
alkaline  reaction,  was  thick,  and  slightly  albuminous.  Numerous 
white  transparent  bundles  of  sarcinee,  somewhat  rounded  at  the 
corners,  were  seen  under  the  microscope,  together  with  epithelia,  a 
few  blood-corpuscles,  pus-cells,  vibrios,  and  triple-phosphates.  The 
urine  deposited,  on  standing,  an  abundant  whitish  sediment  con- 
sisting cliiefly  of  sarcinse  and  the  other 
substances  above  named.  During  May 
and  June  this  sediment  formed  from  ^^ 
to  -\q  part  in  the  whole  of  the  urine  passed 
during  24  hours,  and  collected  in  a  glass. 
In  autumn  the  sarcinse  decreased  consider- 
ably, and  almost  vanished  in  October. 

Dr.  Munk  found  in  the  urine  single 
sarcinse,  and  also  bundles  containing 
8,  64,  and  512  sarcinse.  (Eig.  3.)  He 
plso  observed  masses  which  resulted  from 
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the  breaking-up  of  the  large  bundles.  Single  sarcinse  were  in 
size  from  0-0008  to  0*0016  MM. ;  the  bundles  of  8  sarcinse  had 
a  breadth  of  0-0016  to  0-0034  MM.;  those  of  64<  a  breadth  of 
0-0032  to  0-006  MM.;  those  of  512  a  breadth  of  0-008  to 
0*012  MM.  The  sarcinse  of  the  urine  are  therefore  much 
smaller  than  the  sarcinse  found  in  the  stomach.  The  peculiar  form 
of  sarcinse,  as  described  by  Yirchow,  was  distinctly  recognised  in 
the  bundles  and  especially  when  the  objects  were  rolled  over  under 
the  microscope.  Neither  tables  nor  plates  were  seen.  The  reaction 
of  the  urine  appeared  to  have  no  influence  over  the  development 
of  the  sarcinse;  in  this  case  it  was  always  alkaline;  in  the  case 
observed  by  Welka  it  was  sometimes  acid,  and  occasionally  neutral. 
[ArcJiiv  f.  Path.  Anatom.  u,  Tliyslol,,  Yol.  xxii.,  p.  570.) 


section  xlviii. 

Occasional  Constituents  of  the  Urine. 

Under  this  head  are  to  be  considered  the  changes  which  substances 
undergo  in  their  passage  from  the  blood  into  the  urine.  The  im 
portance  of  the  study  of  these  changes  is  evident  enough.  It  open 
to  us  an  insight  into  the  manifold  metamorphoses,  to  which  th 
materials  that  form  the  body  are  subjected,  and  into  the  mechanism 
of  the  animal  body.  A  very  extensive  series  of  investigations, 
followed  out  into  their  smallest  particulars,  would,  however,  be 
necessary  to  enable  us  to  arrive,  in  this  way,  at  any  useful  and 
general  conclusions.  The  most  satisfactory  way  of  proceeding  is, 
therefore,  to  observe  the  results  which  follow  when  organic  sub- 
stances— whose  chemical  composition  is  thoroughly  known,  and 
whose  products  of  decomposition  have  been  closely  investigated — are 
introduced  into  the  body ;  from  a  consideration  of  the  changes  which 
these  undergo  in  the  body,  we  may  arrive  at  conclusions  concern- 
ing the  chemical  forces  which  are  in  action  there,  and  which  more 
especially  preside  over  the  organic  metamorphoses  going  on  in  the 
blood.  Of  oxidising  agents  permanganate  of  potash  is  the  most 
serviceable  in  such  investigations,  for  its  action  on  the  bodies  in 
question  is  particularly  well  marked,  and,  moreover,  the  oxidation  goes 
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on  in  tlie  blood  just  as  it  does  in  an  alkaline  solution.  Thus  by  tlie 
action  of  permanganate  of  potasli  the  same  products  have  been 
obtained  from  uric  acid  as  are  generated  in  the  body  when  the 
respiration  is  normal  or  more  or  less  disturbed :  viz.,  carbonic  acid 
and  urea,  or  carbonic  acid,  oxalic  acid  and  urea,  or,  lastly,  allantoine, 
carbonic  acid,  oxalic  acid,  and  urea."^ 

A  further  illustration  of  the  fact  is  given  by  guanine.  Guanine 
introduced  into  the  body  is  in  great  part  converted  into  carbonic 
acid  and  urea ;  and  the  same  bodies  (together  with  oxalic  acid  and 
oxyguanine  (?)  may  be  obtained  from  guanine  by  the  action  of  per- 
manganate of  potash. 

Wohler,  assisted  by  Frerichs,  was  the  first  person  who  worked  out 
this  subject,  and  the  results  of  his  investigations  are  given  at  length 
in  the  Annal.  d.  Chem.  u.  Fhann.,  Yol.  Ixv.,  p.  335.  Zeitschrift 
fur  Fh^siologie,  Yol.  Ixv.,  p.  305. 

The  following  facts  must  be  premised,  before  we  proceed  to  the 

Ionsideration  of  these  accidental  substances. 
It  is  evident,  as  a  rule,  that  only  those  substances  can  pass  un- 
hanged into  the  urine  which,  in  the  first  place,  do  not  serve  for 
nutrition,  and  which,  secondly,  are  soluble  in  water,  and  have  no 
tendency  to  form  insoluble  compounds  with  the  organic  or  inorganic 
materials  of  the  body.  Consequently,  the  most  soluble  of  the  alka- 
line salts  will  readily  pass  into  and  be  found  unchanged  in  the  urine. 
If  again  we  take  into  the  body  a  substance  which  is  not  oxidised, 
but  which  has  a  tendency  to  undergo  oxidation,  we  shall  find  it 
again  in  the  urine  in  an  oxidised  state.  Sulphide  of  sodium,  which 
always  passes  into  the  urine  in  the  state  of  sulphate  of  soda,  is  an 
example  of  this.  All  substances,  however,  which  form,  with  the 
organic  matters  of  the  body,  compounds  that  are  insoluble,  or  diffi- 
cult of  solution,  such,  for  example,  as  most  of  the  metals  form  with 
proteine-bodies,  only  reappear  in  the  urine  w  hen  they  have  been  taken 
in  large  quantities — a  fact  pointed  out  by  Orfila, 

Moreover  we  find  that  many  organic  substances  undergo  the  same 
changes  in  their  passage  through  the  body,  as  they  may  be  artificially 
made  to  undergo  out  of  the  body.  Others,  again,  become  so  com- 
pletely oxidised,  that  it  is  not  possible  to  find  either  them  or  the 
products  of  their  decomposition  in  the  urine.     There  are,  on  the 

*  Stadeler,  as  we  have  ah-eady  mentioned,  found  allantoine  in  the  urine 
in  cases  where  the  respiration  was  impeded. 
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other  handj  some  substances  whicli  give  off  oxygen  and  appear  in 
the  urine  in  a  lower  stage  of  oxidation. 

Lastly,  we  have  to  consider  the  length  of  time  required  by  any 
substance  to  pass  into  the  urine.  We  find  as  a  rule,  that  substances 
easy  of  solution  are  quickly  separated  from  the  body  with  the  urine. 
There  appears,  however,  to  be  some  difference  in  individuals  in  this 
respect.  Thus,  Lehmann,  for  instance,  has  observed,  that  not  a  trace 
of  iodine  could  be  found  in  the  urine  of  several  individuals,  twenty- 
four  hours  after  they  had  taken  a  dose  of  10  grains  of  iodide  of 
potassium,  whilst  in  others  it  was  still  present  after  an  interval  of 
three  days. 

We  have  now  to  consider  the  conduct  of  different  substances  in 
the  body  : — 

1.  Inorganic  Compounds. 
A.  Salts  of  the  heavy  metals. — The  salts  of  the  heavy  metals 
form,  with  many  animal  substances,  and  particularly  with  proteine- 
bodies,  compounds  difficult  of  solution,  consequently  they  only  ap- 
pear in  the  urine  when  large  quantities  of  them  have  been  introduced 
into  the  system.  In  this  way,  Orfila  found  antimony,  arsenic,  zinc, 
gold,  silver,  tin,  lead,  and  bismuth  in  the  urine  after  large  doses  of 
the  metallic  salts  had  been  taken ;  but  they  could  only  be  found  in  the 
liver  and  its  secretions,  as  well  as  in  the  solid  excrement,  when  taken 
in  relatively  small  and  oft-repeated  doses.  Iron,  when  taken  inter- 
nally may  be  often  immediately  discovered  in  fresh  urine  by  the 
ordinary  tests ;  but  in  other  cases  again  it  can  only  be  found  in  small 
quantities  in  the  ash  of  the  residue  of  urine  (Lehmann). 

To  ascertain  the  presence  of  the  heavy  metals  in  urine,  the  process 
must  be  followed,  which  is  employed  injudicial  cases,  where  salts  are 
found  mixed  with  organic  matters.  On  this  head,  therefore,  I  shall 
refer  the  reader  to  Presenius^  Introduction  to  (Qualitative  Analysis^ 
llth  edition. 

Mercury. — Electrolysis  has  of  late  been  frequently  employed  for 
determining  the  presence  of  mercury  in  the  urine ;  and  on  account  of 
the  importance  of  the  subject,  the  process  employed  by  Schneider  is 
here  described.  Five  grammes  of  chlorate  of  potash  are  dissolved  in 
each  litre  of  the  urine  to  be  tested,  hydrochloric  acid  is  added  to  impart 
a  strong  acid  reaction,  and  the  mixture  then  heated  in  a  water-bath. 
If  a  dark  coloration  should  appear  during  the  evaporation,  a  further 
quantity  of  the  oxidising  agent  is  added,  and  the  heat  continued, 
until,    on  testing  a  portion,  it  is  found  that  on  the  addition  of 


i 


MERCURY  IN  THE  URINE.  137 

liydrochloric  acid,  no  bleaching  action  is  exercised  on  the  colouring- 
inatters.  There  is,  however,  no  advantage  in  continuing  the  evapo- 
ration of  the  urine  until  the  salts  crystallise,  for  the  fluid  becomes 
of  a  dark  colour  when  concentrated  up  to  this  point.  Schneider 
satisfied  himself,  by  repeated  experiments,  that  highly  concentrated 
solutions  do  not  serve  well  for  the  purpose  of  electrical  analysis. 
In  most  cases  a  large  quantity  of  urine  is  required. 

Schneider  collected  the  whole  of  the  urine  passed  during  from 
three  to  six  days — 7  to  15  litres — and  after  the  addition  of  potash 
and  hydrochloric  acid,  concentrated  it  to  ^  or  ^.  Por  the  electro- 
lysis of  the  urine  thus  prepared  he  made  use  of  a  Smee's  battery  of 
six  elements — a  constant  battery  is  equally  serviceable — whose 
anode  consists  of  a  platinum  plate  four  centimetres  broad,  and 
whose  cathode  of  gold  wire  one  milUmetre  thick  runs  into  a  club- 
shaped  thickened  extremity  two  millimetres  in  diameter.  In  order 
to  limit  the  separation  of  the  mercury  to  the  smallest  possible  surface, 
the  electrolysis  is  conducted  in  a  vessel  of  greater  breadth  than  height. 
The  action  is  kept  up  for  eighteen  to  twenty-four  hours.  Por  the 
further  proof  that  mercury  is  present  on  the  gold  wire,  at  the  con- 
clusion of  the  experiment,  the  following  proceeding  is  resorted  to. 
The  gold  wire  is  introduced  into  a  carefully  cleaned  glass  tube,  drawn 
out  at  one  end  into  a  fine  capillary  point,  and  then  melted  and  closed 
at  the  other.  The  wide  end  of  the  tube,  containing  the  metal,  is  then 
heated  to  redness ;  and  if  in  the  course  of  about  five  minutes  a  deposit 
takes  place  on  the  colder  part  of  the  tube,  the  deposit  is  then  driven 
by  heat  towards  the  capillary  end  of  the  tube ;  and  the  metal  again 
heated  to  see  if  a  new  sublimate  appears.  The  portion  of  the  tube 
containing  the  metal  is  now  separated  by  fusion  from  the  capillary 
portion  so  as  to  leave  a  short  piece  of  the  wider  tube  connected  with 
the  capillary  portion  and  forming  a  kind  of  bulbular  expansion. 
When  cool  the  bulb  is  opened  by  nipping  off  the  drawn-out  pointed 
extremity,  so  that  a  little  iodine  may  be  introduced  into  it  by 
means  of  a  glass  thread,  and  is  then  again  closed  up.  The 
iodine-vapour  rises  up  into  the  capillary  portion  of  the  tube,  and 
disappears  at  the  part  where  the  mercury  exists ;  and  then  accord- 
ing to  the  quantity  of  iodine  employed,  brown,  red,  or  yellow  rings 
appear.  If  the  brown  rings  are  carefully  heated,  iodine  is  driven  off, 
and  red  rings  of  iodide  of  mercury  remain.  The  red  as  well  as  the 
yellow  rings  volatiHse  when  more  strongly  heated,  but  are  imme- 
diately re-deposited   of  a  red  colour,  on  a  cooler  part  of  the  tube ; 
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sometimes,  liowever,  tliey  take  a  yellow  hue.  The  yellow  rings  con- 
sist of  prot-  and  sub-iodide  of  mercury ;  they  arise  when  the  quantity 
of  the  iodine  introduced  is  insufficient  to  form  prot-iodide.  On  the 
introduction  of  another  crystal  of  iodine  into  the  capillary  tube  and 
heating,  the  yellow  rings  are  readily  converted  into  red.  The  red 
crystals  appear  under  the  microscope  as  rhombic  octahedra,  with  their 
faces  often  superimposed,  so  as  to  resemble  the  feathery  forms  of 
sal-ammoniac. 

No  mercury  was  discovered  by  electrolysis  in  three  trials,  in  which 
the  urine  contained  much  iodide  of  potassium,  the  urine  having  been 
concentrated  to  to  after  the  addition  of  clilorate  of  potash  and  hydro- 
chloric acid.  When,  however,  the  urine  was  treated  with  sulphuric 
acid  containing  nitrous  acid,  and  evaporated  in  a  water-bath  until 
the  whole  of  the  iodine  was  driven  off,  the  cathode  showed  distinct 
traces  of  mercurial  silvering,  and  subsequent  testing  by  heat  gave  the 
manifest  reaction  of  mercury.  Consequently  it  is  advisable  that  the 
urine  to  be  tested  should  be  first  of  all  freed  from  any  iodine  which 
it  may  contain.  This  may  be  readily  accomplished  by  heating  it  in 
a  warm  bath  after  the  gradual  addition  of  sulphuric  acid  containing 
sulphurous  acid. 

Kletzinsky  evaporates  the  urine  (previously  treated  with  chlorate 
of  potash  and  hydrochloric  acid)  to  dryness,  and  then  operates 
upon  the  residue  with  ether  to  separate  the  sublimate.  This  process, 
according  to  Schneider,  is  not  to  be  trusted,  for  the  residue  contains 
the  sublimate  in  union  with  the  alkaline  chlorides  in  the  form  of 
a  double  salt.  These  double  compounds  are  almost  insoluble  in 
ether,  and  consequently  sublimate  cannot  be  dissolved  by  ether  out 
of  the  residue  of  evaporated  urine,  when  completely  dried.  I  will 
give  Schneider's  results  : — 1.  The  presence  of  mercury  was  not 
shown  by  electrolysis  in  the  urine  of  syphilitic  patients,  who  had 
never  been  subjected  to  mercurial  treatment;  2.  Similar  negative 
results  were  obtained  on  testing  the  urine  of  persons  who  had  been 
previously  treated  with  mercury.  The  investigations  were  made  in 
cases  in  which  the  mercurial  treatment  had  been  employed  14  days, 
5  months,  and  6  months  previously;  3.  During  the  internal  use  of 
the  mercurial  preparations  the  urine  always  contained  mercury ; 
4.  The  generally  received  opinion  of  the  action  of  iodide  of  potassium 
on  the  metals  which  are  retained  in  the  body  is  by  no  means  sup- 
ported by  the  experiments  of  Schneider. 

B.  Salts  of  the  Alkalies. — 1.  Alkaline  carbonates  always  re-appear 
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as  such  in  the  urine,  although  a  portion  of  them  is  doubtless 
neutralised  by  the  free  acid  of  the  gastric  juice.  They  render  the 
urine  either  neutral  or  alkaline.  Tree  carbonic  acid,  effervescing 
wines,  beer,  and  bicarbonates  of  the  alkalies  occasion  an  increased 
separation  of  oxalate  of  lime  in  the  urine,  the  quantity  of  free  car- 
bonic acid  being  at  the  same  time  increased  in  it. 

2.  The  ammonia  of  ammoniacal  salts  passes  for  the  most  part  un- 
changed into  the  urine.  I  performed  some  experiments  on  this 
point  in  a  young  man,  20  years  of  age ;  he  passed  in  24  hours, 
as  an  average  of  twelve  experiments,  0'6137  gramme  of  ammonia, 
corresponding  with  1*9305  grammes  of  sal-ammoniac.  10  C.  C.  of 
a  solution,  which  in  the  10  C.C.  contained  exactly  2  grammes  of 
sal-ammoniac,  were  taken  in  the  evening  with  a  glass  of  water,  the 
urine  carefully  collected  for  24  hours,  and  then  subjected  to 
analysis.  The  experiments  were  carried  on  for  5  days,  and  during 
this  time  9-957  grammes  of  sal-ammoniac  were  secreted  in  place  of  the 
10  grammes  which  had  been  taken.  (See  Journ.f.  Pract.  Chemie, 
Vol.  64,  page  281.)  Whether  or  not  a  portion  of  the  ammoniacal 
salt  is  really  converted  into  nitric  acid  in  the  body,  as  asserted  by 
Dr.  Bence  Jones,  is,  at  present,  undecided. 

The  objections,  however,  taken  by  Lehmann  to  this  opinion  are 
not  well  founded,  for  sulphurous  acid  is  not  capable  of  decomposing 
hydriodic  acid,  nor  consequently  of  forming  iodide  of  starch.  If, 
in  the  distillation,  we  make  use  of  oil  of  vitriol  for  the  separation 
of  any  nitric  acid  which  may  be  accidentally  present,  we  must  pre- 
viously free  the  sulphuric  acid  most  carefully  from  the  nitrogen- 
compounds,  wdiich  are  always  present  in  it,  and  might,  otherwise, 
occasion  the  nitric  acid  reaction. 

3.  Perridcyanide  of  potassium  appears  again  reduced  to  the  state 
of  ferrocyanide  of  potassium. 

4.  Ehodankalium  passes  rapidly  into  the  urine,  even  when  taken 
in  small  quantities. 

5.  Silicates,  chlorates,  and  borates  of  the  alkalies,  when  taken,  re- 
appear in  the  urine. 

6.  Iodide  of  potassium  also  passes  into  the  urine,  and  may  in  most 
cases  be  readily  discovered  there  by  the  starch-test. 

7 .  Sulphide  of  potassium  appears  in  the  urine  partly  in  the  form 
of  a  sulphate,  and  partly  unchanged. 

c.  Salts  of  the  Alkaline  Earths. — 1.  Soluble  salts  of  baryta,  when 
taken  in  tolerably  large  doses,  may  be  found  in  the  urine. 


140  ALKALINE  SALTS  IN  THE  URINE. 

2.  Salts  of  magnesia  and  lime  do  not  pass  into  the  urine,  or,  at 
least,  only  in  very  minute  quantities. 

II.   Organic  Comjoounds. 

A.  Free  Organic  Acids. — 

1.  Organic  acids,  such  as  oxalic,  citric,  malic,  tartaric,  succinic, 
and  gallic  acids,  when  taken  into  the  body  in  a  free  state,  pass 
unchanged  into  the  urine,  according  to  Wohler. 

2.  Acids  of  the  Benzoic  acid  group. — The  changes  which  the 
class  of  acids,  comprised  under  the  head  of  the  benzoic  acid  group, 
undergoes  in  the  body,  are  interesting.  It  has  been  long  known,  that 
benzoic  acid,  as  well  as  cinnamic  acid,  when  taken  into  the  body, 
reappear  as  hippuric  acid  in  the  urine.  In  like  manner  nitro-benzoic 
acid  passes  into  nitro-hippuric  acid  in  the  body,  and  is  separated  as 
such  with  the  urine.  Kraut  and  Bertagnini  have  also  succeeded  in 
showing  similar  changes  in  the  passage  of  toluylic  acid  and  salicylic 
acid  through  the  body. 

The  decomposition  is  the  same  in  the  case  of  all  these  acids,  two 
equivalents  of  water  being  separated,  and  the  elements  of  glycocoll 
(C4  Hg  N  OJ  taken  up,  as  here  shown  : — 

(1)  0,,HeO,   +   an.NO,- 2HO  =  CisH,]SrOe 
(Benzoic  acid.)     (Glycocoll.)  (Hippuric  acid.) 

(2)  C.HeOe   +   QH,NO,-2HO  =  C,3H,]SrOs 
(SalicyHc  acid.)     (Glycocoll.)  (Sahcyluric  acid.) 

(3)  C,eH,0,   +   C.H.NO,-  2HO  =  C,oHnNO, 
(Toluylic  acid.)     (Glycocoll.)  (Toluric  acid.) 

^*^^NO:l°*  +  C,H,Na-3H0    =    ^i^lo^l^O' 
(Nitrobenzoic  acid.)  (Glycocoll.)  (Nitrohippuric  acid.) 

In  addition  to  these,  benzoic  ether  also  produces  hippuric  acid. 
Oil  of  bitter  almonds  again  is  probably  in  the  first  instance  con- 
verted into  benzoic  acid,  and  as  such  passes  into  the  condition  of 
hippuric  acid.  Lastly,  it  may  be  observed  that  benzoic  acid,  when 
taken  internally,  has  been  found  by  Lehmann  unchanged  in  the 
sweat. 

The  other  acids,  which  belong  to  the  benzoic  acid  group,  anisic 
acid,  cumaric  acid,  and  cuminic  acid,  appear,  from  experiments 
which  have  been  made  with  them,  to  pass  unchanged  into  the  urine. 

The  changes  which  cinnamic  acid  (Cis  Hg  O4)  goes  through  in  the 
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body,  in  passing  into  hippuric  acid  (C^g  Hg  N  OJ,  were  for  a  long 
time  not  well  understood,  but  later  researches  into  tbe  constitution 
of  this  acid  have  now  explained  them.  Chiozza,  in  his  study  of  the 
anhydrous  acids,  observed,  that  cinnamic  acid  was  split  up  into 
acetic  acid  and  benzoic  acid  by  the  action  of  caustic  potash. 

QgHgO,    +    4  HO    =    C,H,0,    +    Q^HeO,    +    2H 
(Cinnamic  acid.)  (Acetic  acid.)  (Benzoic  acid.) 

Taking  this  fact  as  a  foundation  for  his  operations,  Bertagnini 
attempted,  and  with  happy  results,  the  artificial  formation  of  cin- 
namic acid, — premising  that  acetic  acid  and  benzoic  acid,  grouped 
according  to  their  atomic  constitution,   were  present  in  it.     The 
annamic  acid  was  prepared  by  the  action  of  chloracetic  acid  on  oil  of 
)itter  almonds   at  120°  to  130°  C.  (248°  to  266°  Eahr.).     There 
m,  therefore,  be  no  doubt  that  cinnamic  acid  is  also  decomposed 
ito  acetic  acid  and  benzoic  acid  within  the  body,  and  that  the 
)enzoic  acid  subsequently  appears   in   the   urine  in  the  form  of 
lippuric  acid. 

The  interesting  researches  of  Klihne  and  Hallwachs  prove,  that 
the  conversion  of  benzoic  acid,  &c.,  into  hippuric  acid,  &c.,  only 
takes  place  when  bile-constituents  (glycocoU  or  glycocholate  of  soda) 
are  present.     I  give  from  their  work  the  following  results : — 

a.  Benzoic  acid  or  benzoate  of  soda,  injected  into  the  jugular  or 
the  crural  vein  passed  away  in  great  part  unchanged  with  the 
urine. 

h.  Benzoic  acid  taken  by  the  mouth  passed  unchanged  into  the 
urine,  when  the  secretion  of  the  liver  was  cut  off. 

c.  The  simultaneous  injection  of  benzoic  acid  and  bile,  or  glyco- 
cholate of  soda,  or  pure  glycocoll,  into  the  blood,  caused  an  abun- 
dant separation  of  hippuric  acid  with  the  urine.  From  this  it 
follows,  as  might  have  been  anticipated,  that  benzoic  acid  is  only 
converted  into  hippuric  acid  in  the  blood,  when  glycocolate  of 
soda,  or  pure  glycocoll,  is  present  there.  The  last  experiment 
shows  the  possibility  of  the  simple  union  of  benzoic  acid  with 
glycocoll  in  the  blood  of  the  living  body  two  equivalents  of  water 
(necessary  for  the  formation  of  hippuric  acid)  being  separated. 

8.  Tannic  acid  is  converted  into  gallic  acid,  and  again  appears  as 
such. 

4.  Camphoric  acid  is  separated  unchanged  with  the  urine. 

5.  Uric  acid  undergoes  the  same  decompositions  in  the  body,  as 
it  does  when  acted  upon  artificially  by  peroxide  of  lead,  or  better 
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still,  with  permanganate  of  potash.  When  the  body  is  perfectly 
healthy,  and  the  respiration  undisturbed,  the  uric  acid,  by  taking  up 
four  equivalents  of  water,  and  six  equivalents  of  oxygen,  is  in  great 
part  converted  into  urea  and  carbonic  acid. 

When  the  respiration  is  more  or  less  impeded,  in  fact,  even  during 
sleep,  oxalic  acid,  and  under  certain  circumstances  allantoine  also, 
appear  in  the  urine,  as  well  as  urea  and  carbonic  acid,  as  products 
of  decomposition  of  uric  acid.  Stadeler  and  Prerichs  indeed  found 
allantoine  present,  when  the  respiration  was  artificially  impeded. 

We  may  consequently  assume  that  the  following  equations  repre- 
sent correctly  the  decomposition  of  uric  acid : — 

1.  Uric  acid  is  decomposed  by  the  addition  of  four  equivalents  of 
water,  and  six  equivalents  of  oxygen,  into  carbonic  acid  and  urea  : — 

C,„H,N,0,  +  4H0  +  60  =  QH^N.O,  +  6CO3 
(2  Eq.  Uric  acid.)  (2  Eq.  Urea.) 

2.  Uric  acid,  with  the  addition  of  four  equivalents  of  water  and 
four  equivalents  of  oxygen,  is  converted  into  carbonic  acid,  oxalic 
acid,  and  urea  : — 

C,,H,]Sr,0,  +  4HO  +  40  =  C,H3]Sr,0,  +  2C,Q, +  2C0, 
(2  Eq.  Uric  Acid.)  (2  Eq.  Urea.)     (2  Eq.  O.) 

3.  Uric  acid  yields,  with  the  addition  of  two  equivalents  of  water 
and  one  equivalent  of  oxygen,  allantoine  and  oxalic  acid,  which,  by 
further  oxidation,  are  also  at  last  decomposed  into  urea  and  carbonic 
acid. 

C,H,N,Oe  +  2H0  +  O  =  C,HeN,0,  +  ^03 
(2  Eq.  Uric  Acid.)  (2  Eq.  Allantoine.)    (0) 

O  (QO3)  +0  =  2CO3 
C,  H3  N3  O3  +  H  O  +  2  0  =  C^  H.N^  O2  +  2  C  O^ 
(1  Eq.  Allantoine.)  (1  Eq.  Urea.) 

B.  Salts  of  the  Organic  Acids. — Neutral  organic  salts  of  alkalies 
are  oxidised  in  the  body,  just  the  same  as  when  they  are  burnt  in 
oxygen.  They  appear  in  the  urine  as  carbonates,  rendering  it 
alkaline,  effervescing  on  the  addition  of  acids,  and  causing  a  sepa- 
ration of  the  phosphatic  earths.  If  they  act  as  evacuants,  or  if 
they  are  taken  with  much  animal  food,  we  find  that,  in  the  first  case, 
the  urine  does  not  become  alkaline,  and,  in  the  second,  only  slightly 
so.  Other  circumstances,  and  especially  diseased  conditions  of  the 
body,  influence  the  ordinary  action  of  these  bodies. 

c.  Organic  Bases. — 1.  Quinine  is  readily  found  in  the  urine,  when 
moderately  large  doses  of  it  have  been  taken.     According  to  Yiale, 
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tannic  acid  is  a  trustworthy  test  of  the  presence  of  quinine  in  the 
urine.  The  precipitate  thrown  down  by  tannic  acid,  when  quinine 
is  present,  is  very  light,  of  a  white  colour,  with  a  slight  greenish  tint. 
The  precipitate  when  treated  with  a  solution  of  chlorine  in  water, 
on  addition  of  ammonia,  assumes  the  green  colour  characteristic  of 
salts  of  quinine.  Viale  has  in  this  way  succeeded  in  demonstrating 
the  presence  of  quinine  in  the  urine,  in  cases  where  only  decoction  of 
bark  had  been  taken.  [Chemisch.  Pharm.  Centrhl.  1853,  p.  160.) 
Experiments  on  this  point,  made  with  rabbits,  by  my  friend  G. 
Kerner,  show  that  the  test  is  not  always  very  distinctly  marked, 
on  account  of  the  presence  of  the  extractive  matter,  &c.,  which  are 
thrown  down  with  the  quinine.  Kerner,  consequently,  treated  the 
precipitate  which  was  obtained  by  the  tannic  acid,  with  milk  of 
lime,  allowed  it  to  stand  for  a  time,  then  separated  the  precipitate, 
and  after  washing,  exhausted  it  with  ethereal  spirits  of  wine.  The 
residue  which  remained,  after  the  evaporation  of  the  solution, 
showed  most  beautifully  the  quinine-reaction. 

The  following  is  the  process  given  by  Herapath  for  the  same 
object :  The  urine  is  first  of  all  rendered  alkaline  by  potash,  and 
shaken  with  ether,  which  takes  up  the  quinine.  The  ether  is  then 
evaporated.  A  fluid  test  is  prepared,  consisting  of  three  drachms 
of  pure  acetic  acid,  one  drachm  of  rectified  spirit,  with  six  drops  of 
diluted  sulphuric  acid.  One  drop  of  this  mixture  is  placed  on  the 
object-glass,  and  a  little  of  the  ethereal  residue  added  to  it ;  next,  a 
very  minute  quantity  of  an  alcohoHc  solution  of  iodine  is  brought 
into  contact  with  it,  by  means  of  a  capillary  tube.  If  quinine  is 
present,  a  cinnamon-brown  colour,  occasioned,  by  the  formation  of  a 
compound  of  iodine  with  quinine,  immediately  appears ;  after  a  time 
sulphate  of  iodine  and  quinine,  remarkable  for  its  polarisation 
phenomena,  is  obtained,  and  may  be  recognised  under  the  micro- 
scope. The  sulphate  of  iodine  and  quinine  crystallises  in  extremely 
thin  plates,  which  may  be  substituted  for  tourmaline  plates,  on 
account  of  their  exceedingly  powerful  polarising  powers.  Two 
plates,  as  thin  as  gold-leaf,  as  soon  as  they  cross  each  other  at 
right  angles,  prevent  any  light  from  passing  through  them.  {Journ. 
f.pract.  Chemie,  Bd.  61,  p.  87.) 

2.  Theine  and  theobromine  cannot  be  discovered  in  the  urine. 

3.  Aniline  also  was  not  found  in  it  by  Wohler. 

4.  Alloxantine  appears,  according  to  Wohler,  to  be  decomposed 
into  urea  and  other  substances. 
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5.  Allantoine  does  not  pass  into  the  urine,  neither  does  it  cause 
any  increase  of  the  oxalate  of  lime,  but  is  probably  converted,  with 
the  addition  of  two  equivalents  of  oxygen,  and  one  equivalent  of 
water,  into  carbonic  acid  and  urea.   (See  II,  a.  5.) 

6.  Urea  passes  away  unchanged  with  the  urine. 

7.  Guanine  causes  a  decided  increase  of  urea,  but  when  given  in 
very  large  doses,  passes  away  in  part  with  the  faeces. 

8.  Leucine  injected  into  the  blood  appears  again,  in  part,  in  the 
urine. 

9.  Amygdaline  cannot  be  distinctly  found  again  in  the  urine;  but 
the  urine  contains,  according  to  Lehmann  and  Eanke,  an  appreciable 
quantity  of  formic  acid. 

10.  Saliciue  is  decomposed,  probably  by  oxidising  agents;  the 
urine  contains  hydride  of  salicyl,  salicylic  acid,  saligenine,  but 
neither  sugar  nor  phenylic  acid. 

D.  Colouring  and  odoriferous  matters. — Most  of  these  matters 
pass  unchanged,  or  only  very  slightly  modified,  into  the  urine. 
Wohler  found  in  it  the  pigment-matter  of  indigo,  madder,  gamboge, 
rhubarb,  logwood,  rape,  and  bilberries;  and  besides  these,  the 
odours  of  valerian,  garlick,  assafoetida,  castoreum,  saffron,  and 
turpentine.  He  did  not  find  in  it  camphor,  resin,  empyreumatic 
oil,  musk,  alcohol,  ether,  lac  red  litmus,  chlorophyll,  and  alkana 
colourin  g-matter. 


SECOND  PART. 


section  xlix. 
Quantitative  Analysis. 

In  the  preceding  part  I  liave  spoken  of  tlie  chemical  and  phy- 
sical characters  of  the  different  constituents  of  the  urine,  whereby 
we  are  enabled  to  test  the  quality  of  the  urine  in  the  normal  and 
abnormal  conditions  of  the  body.  T  now  proceed  to  the  considera- 
tion of  the  analytical  methods  at  present  employed  in  animal 
chemistry  for  the  purpose  of  ascertaining  the  quantities  of  the 
different  constituents  present  in  the  urine.  The  employment  of  the 
volumetrical  method  of  analysis  is  of  great  value  in  all  kinds  of 
chemical  investigations,  but  most  especially  in  the  analysis  of  the 
urine.  It  is  only  by  this  method  that  the  practical  physician  is 
enabled  in  a  short  time  to  test,  quantitatively,  many  of  the  constituents 
of  the  urine.  I  have,  consequently,  given  especial  attention  to  the 
description  of  this  method  of  analysis. 


section  l. 

GENEEAL  REMARKS. 

Determination  of  the  Quantity  of  Urine  passed  in  a  given 

Time. 

It  must  be  understood,  that  the  determination  of  the  quantity  of 
urine  passed  in  a  given  time  forms  the  basis  of  all  other  quantitative 
investigations,  and  must  therefore  in  no  case  be  overlooked.     Con- 
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and  the  time  during  which  it  is  collected,  must  be  taken  into 
consideration.  The  quantity  can  be  determined  either  by  weight 
or  measure ;  but  measure  is  almost  invariably  employed  for  the 
purpose. 

The  cubic  centimetre  serves  us  as  a  standard  of  unity;  one 
thousand  cubic  centimetres  being  equal  to  a  litre,  and  one  Htre 
to  a  thousand  grammes  of  water.  When  we  have  learnt  the 
specific  gravity  of  urine,  whose  quantity  has  been  ascertained,  we 
may  readily  arrive  at  a  knowledge  of  its  weight,  by  simply  multi- 
plying the  number  of  ascertained  cubic  centimetres  by  the  specific 
gravity  of  the  urine.  Thus  1000  C.  C.  of  urine  of  I'OSO  sp.  gr. 
will  weigh  1030  grammes.  (Fox  the  determination  of  the  specific 
gravity,  see  Sect,  li.,  1.) 

The  urine  is  measured  by  means  of  graduated  glass  cylinders,  with 
several  of  which  of  different  sizes  it  is  necessary  that  the  operator 
should  be  provided. 

1.  Tor  determining  the  quantity  of  urine  passed  in  twenty-four 
hours  a  measure  is  required,  which  will  hold  at  least  2000  C.  C. 
(2  litres) ;  and  this  measure  should  be  divided  into  parts  containing 
100  C.  C.  each.  Such  a  measure  is  readily  made,  by  pouring  100 
grammes  of  water,  carefully  weighed,  into  a  glass  vessel  of  sufficient 
size,  and  marking  the  height  at  which  the  fluid  stands  with  a  file  or 
a  diamond ;  then  weighing  and  adding  another  100  grammes,  and 
again  marking  the  height,  and  so  on,  until  the  whole  glass  is  gra- 
duated up  to  2000  or  3000  C.  C.  This  vessel  may  be  used  for  the 
collection  of  the  urine  passed  in  twenty-four  hours ;  it  must,  how- 
ever, be  carefully  closed  with  a  glass  cover,  around  which  a  little 
lard,  or  what  is  better,  a  little  wax,  has  been  smeared,  and  kept  in  a 
cool  place.  The  object  of  this  is,  in  the  first  place,  to  prevent  any 
evaporation  of  the  water,  and  in  the  second,  not  to  encourage  the 
decomposition  of  the  urine  by  warmth. 

In  using  this  vessel  it  is  necessary  to  read  off  the  quantity 
between  each  100  CO.,  which  may  occasion  an  error  of  10  to  20  C.C. 
To  prevent  this,  the  urine  must  be  put  into  another  vessel,  and  then 
poured  into  the  graduated  vessel  until  it  is  filled  up  exactly  to  one 
of  the  marks;  the  remainder,  a  fraction  of  100  CO.,  must  then 
be  measured  in  a  fine  graduated  cylinder. 

2.  Eor  determining  tlie  quantity  of  urine  passed  in  a  shorter,  but 
given  time,  finely  gradulated  cylinders   (see  Pig.   4)   are  required. 
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These  should  contain  from  300  to  350  CO.,  and 
must  be  subdivided  into  single  C.  C.     In  this  way  ^' 

thej  serve  for  the  exact  determination  of  the  quan- 
tity of  urine  passed  during  each  hour. 

The  first  or  the  second  of  these  methods  of 
collecting  the  urine  -will  be  adopted  according  to 
the  particular  object  of  the  investigation;  but  it 
may  be  observed,  that  the  collection  of  the  urine, 
passed    during   the   twenty-four   hours,   is   most 
adapted  for  demonstrating  extensive  and  chronic 
alterations    in    the   secretion   of    urine;    conse- 
quently the  twenty-four  hours^  collected  urine  is  generally  employed 
in  the  analysis   of  the  urine  of  the  sick.     The  analysis  of  urine, 
lowever,  which  is  passed  at  shorter  intervals,  enables  us  to  seize 
ipon  temporary  alterations  of  the  secretion,  and  must  necessarily 
)e  resorted  to  in  the  study  of  the  action  of  those  bodies  which  are 
►nly  to  be  found  temporarily  in  the  secretion.     (Vogel,  Archiv  fur 
\WissenchqfUiche  Heilkunde.     GiJttingen,  Heft.  1,  p.  105.) 

It  must  also  be  observed,  that  in  all  analyses  of  the  urine,  where 
a  mean  estimate  of  the  contents  is  required,  it  is  necessary  to  collect 
and  analyse  the  urine  passed  during  several  consecutive  days.  Erom 
the  results  thus  obtained  the  average  may  be  estimated.  (As  to  the 
quantity  of  urine  passed  during  twenty-four  hours  under  different 
circumstances^  see  YogeFs  work  above  cited  in  Archiv,  &c.) 


section  li. 
Specific  Geavity. 


1.  Specific  Grainty  taken  ly  the  Urinometer. — ^"We  can  obtain  only 
an  approximative  knowledge  of  the  true  specific  gravity  of  the  urine 
by  the  aid  of  the  urinometer.  This  instrument  is,  nevertheless,  well 
adapted  for  the  purposes  of  the  practical  physician.  A  special  instru- 
ment, called  the  Urinometer,  has  been  constructed  for  the  determina- 
tion of  the  specific  gravity  of  the  urine,  of  a  character  similar  to 
those   employed   for   determining  the   specific  gravity  of   alcohol, 
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URINOMETER. 


Fig.  5. 


/.020 


milk,  &c.  The  urinometer  must  be  graduated  so  as  to  allow  the 
specific  gravity  of  urine  to  be  ascertained  within  half-a-degree  from 
I'OOO — the  specific  gravity  of  water — up  to  at  least  1*045,  which 
is  about  the  highest  specific  gravity  of  human  urine;  and  it  must  be 
of  moderate  size,  so  as  to  be  available  in  dealing  with  a  small 
quantity  of  urine. 

In  order  to  obtain  the  greatest  exactitude  with  this  instrument,  it 
is  advisable  to  have  the  specific  gravity  from  I'OOO  to  1'040  marked 
upon  two  separate  urinometers,  so  that  one  may  indicate  the  specific 
gravity  from  1*000  to  about  1*020,  and  the  other  from  1*020  to 
1*040.  In  this  way  we  are  able  to  obtain  even  the  divisions — J 
to  I  a  degree.  (The  instrument-maker  Niemann,  of  Alfeld,  near 
Hanover,  supplies  tbem  of  excellent  character.) 

These  instruments,  however,  yield  correct  results  only 
under  the  particular   temperature  at  wbich  they  were 

1  constructed ;  if  therefore  great  exactitude  is  required,  it 

^  ^^^  is  necessary  in  using  them  first  of  all  to  bring  the  urine 
to  that  particular  temperature.  According  to  the  in- 
vestigations of  Siemon,  the  specific  gravity  of  urine, 
which  at  12°  Cent.  (53°  Pahr.)  reached  1*021,  sinks  to 
1*020  at  15°  Cent.  (59°  Pahr.),  and  to  1*019  at  18° 
Cent.  (64°  Fahr.)  ;  hence  a  difference  of  temperature 
of  4°  C.  (7°  Pahr.)  corresponds  with  about  one  degree  of 

the  urinometer. 

JL  Herr  Niemann  has,  at  my  request,  made  a  urinometer, 

^^^  enclosing  a  small  thermometer  fixed  in  the  floating 
■HH  portion  of  the  instrument.  In  this  thermometer,  the 
E:^  temperature  at  which  the  urinometer  was  constructed,  is 
shown  by  a  red  mark.  The  scale  is  much  longer  than 
that  of  the  urinometers  made  by  Greiner  at  Berlin.  Each 
degree  is  large,  well-defined,  and  marked  with  a  black 
line ;  and  half-degrees  are  clearly  indicated  by  red  lines. 
In  this  way  minute  readings  of  the  scale  are  readily 
effected.  I  have  for  some  time  past  made  use  of  two 
urinometers,  and  strongly  recommend  them  to  those  en- 
gaged in  the  analyses  of  urine,  and  'particularly  to  medi- 
cal men.     (Fig.  5.) 

To  determine  the  specific  gravity  of  the  urine  by 
means  of  the  urinometer,  a  proper  cylindrical  glass  is  filled 
with  the  urine,  and  all  froth,  &c.,  removed  by  means 


1.Q2S 


:  4.030 


SPECIFIC  GRAVITY  OF  THE  URINE.  149 

of  a  glass-rod_,  or,  better  still,  with  blotting-paper,  and  the  urino- 
meter,  perfectly  clean,  allowed  to  sink  gently  into  the  fluid.  The 
glass  should  be  wide  enough  to  allow  the  instrument  to  float  freely  in 
the  urine,  and  not  to  come  in  contact  with  its  sides.  The  reading 
of  the  scale  is  best  effected  by  bringing  the  eye  on  to  a  level  with 
the  under  surface  of  the  fluid ;  this  level  is  attained  as  soon  as  the 
hinder  border  of  the  surface  of  the  urine  ceases  to  be  visible.  The 
scale  is  then  read  off  at  that  level.  If  the  position  of  the  eye  is  not 
right,  if  it  be  on  too  high  or  too  low  a  level,  the  surface  of  the  fluid 
takes  the  form  of  an  ellipse.  The  urinometer  is  then  pressed  down  a 
few  degrees  deeper  into  the  urine,  allowed  to  rise  freely  in  it,  and 
the  scale  read  off  a  second  time,  in  order  to  correct  mistakes.  In 
this  way,  with  a  good  instrument,  very  accurate  results  are  obtained. 
The  urinometer  of  Greiner  of  Berlin  has  too  short  a  scale. 

2.  Specific  Gravity  taken  hy  weight. — This  process  is  founded  on 
the  principle,  that  we  obtain  the  specific  gravity  of  a  fluid  by 
dividing  the  absolute  weight  of  a  given  volume  of  it  by  the  abso- 
lute weight  of  an  exactly  equal  volume  of  distilled  water.  Tor 
this  purpose,  we  use  a  thin  glass  bottle,  fitted  and  closed  with  a 
glass  stopple,  and  capable  of  containing  from  40  to  50  C.  C.  of 
fluid ;  this  bottle,  perfectly  clean  and  dry,  is  weighed  in  an  accu- 
rate chemical  balance,  and  its  weight  marked  down.  It  is  then 
carefully  filled  with  distilled  water,  all  the  little  air-bubbles  which 
adhere  to  the  glass  are  completely  removed,  and  the  bottle  her- 
metically closed  with  the  stopple.  If  no  air-bubbles  are  now  visible 
in  it,  the  bottle  is  carefully  wiped,  first  with  a  linen  cloth,  and  then 
with  filtering  paper,  and  its  weight,  as  thus  filled,  taken  a  second 
time.  If  the  known  weight  of  the  empty  bottle  is  now  subtracted 
from  the  weight  of  it  when  filled,  we  obtain  the  absolute  weight  of 
the  volume  of  distilled  water  which  the  bottle  contains.  The  weis^ht 
of  the  water,  as  well  as  the  temperature  at  which  it  was  taken,  are 
then  noted  down. 

In  order  to  ascertain  the  specific  gravity  of  urine,  we  first  of 
all  rinse  out  the  bottle  several  times  with  the  urine,  and  then  fill  it 
with  the  fluid,  using  all  the  precautions  above  indicated,  close  the 
bottle,  dry  it  carefully,  and  determine  its  weight.  If  we  now  sub- 
tract from  the  gross  weight  thus  obtained,  the  weight  of  the  empty 
bottle,  we  get  the  absolute  weight  of  a  volume  of  urine,  exactly 
equal  to  the  volume  of  distilled  water  obtained  in  the  first  experi- 
ment.    Prom  these  data  we  can  easily  calculate  the  specific  gravity 
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of  the  urine.  By  dividing  its  absolute  weight  thus  ascertained,  by 
the  known  weight  of  the  distilled  water,  we  obtain  as  quotient  the 
specific  gravity.     If  for  example : — 

The  bottle  filled  with  distilled  water  weighs  80  grammes, 
and  the  empty  bottle  weighs  30  grammes, 
the  bottle  contains  of  water    50  grammes. 
If  the  bottle  filled  with  urine  weighs  81*2  grammes, 
and  the  empty  bottle  weighs     30*0  grammes, 
the  bottle  will  contain  of  urine  51*2  grammes. 
The  sp.  gr.  of  water  =  1*000. 
Hence  we  have  the  equation : 
50  :  51*2  =  1*000  (sp.  gr.  of  water)  : :  x  (sp.  gr.  of  urine). 

51-2 +^l:OAO  =  1.024. 

Instead  of  an  ordinary  bottle,  we  may  more 
advantageously  make  use  of  a  piknometer  ar- 
ranged for  the  purpose  (Fig.  6) .  This  kind  of 
bottle  is  easily  weighed,  contains  a  tolerably 
large  quantity  of  fluid,  and  does  not  permit  of 
any  air-bubbles  being  enclosed  in  it,  the  air 
escaping  through  the  fine  capillary  canal  of  the 
glass  tube  which  is  inserted  into  the  bottle.  A 
well-made  piknometer  also  contains  in  this  tube 
a  small  thermometer,  which  allows  the  tempera- 
ture to  be  ascertained  at  the  same  time.  The 
method  of  using  it  is  the  same  as  that  above 
described;  the  weight  of  distilled  water  which 
the  piknometer  wiU  contain  having  been  defini- 
tively ascertained. 


SECTION  LII. 


Determination  of  the  Quantity  of  the  Water  and  of  the 
Soluble  Substances  in  the  Urine. 

J.  We  have  many  difficulties  to  encounter  in  determining  the 
.amount  of  solid  residue  of  urine,  arising  from  the  ready  decomposi- 
tion of  the  fluid,  and  also  from  the  extremely  hygroscopic  character 
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of  its  residue.  The  first  or  the  second  of  the  following  methods 
may  be  adopted,  according  as  greater  or  less  accuracy  is  required  in 
the  analysis. 

1.  10  to  15  grammes  or  cubic  centimetres  of  urine  are  weighed  or 
measured  in  a  smallish  porcelain  crucible  (Eig.  7),  which  has  been 
carefully  weighed,  and  is  covered  with  a  lid,  and  are  then  evaporated 
to  dryness  in  a  water-bath.  Instead  of  a  crucible,  a  small  glass  cup 
(Fig.  8),  having  a  ground  border,  and  which  is  capable  of  being 

Fig.  7.  Fig.  8. 


Fig.  9. 


hermetically  closed  by  a  flat  plate  of  glass,  may  be  advantageously 
employed.  Of  course,  the  solid  residue  must  not  be  raised  to  a 
red-heat  in  this  vessel.     (Sect,  liii.) 

Pigure  9  represents  a  water-bath  suitable  for  the  purpose  of 
carrying  on  evaporation.  It  is  formed  of 
strong  copper-plate,  and  when  used  is  half- 
filled  with  water,  which  is  boiled  by  means 
of  a  small  spirit-lamp.  In  order  to  carry 
on  evaporations  in  cups  and  crucibles  of 
different  sizes,  rings  of  corresponding  sizes 
may  be  laid  upon  this  copper-bath.  It  has 
from  a  to  b  Si  width  of  from  four  to  six 

The  residue  thus  obtained  is  not  entirely  deprived  of  water,  and 
must  therefore  be  still  further  dried,  at  a  temperature  of  100° 
C.  (212°  Fahr.)  "  For  this  purpose  an  air-bath  of  the  kind  here 
represented  (Fig.  10)  may  be  used.  On  the  wdre-stand,  e,  the 
crucible  containing  the  residue  of  the  evaporation  is  placed,  and  the 
apparatus  is  then  heated  beneath  by  a  small  spirit-lamp.  The  tem- 
perature is  determined  by  means  of  a  thermometer,  <:/,  which  is 
introduced  through  c  by  means  of  a  cork,  and  may  be  easily  main- 
tained at  nearly  a  constant  rate. 

When  the  residue  of  the  urine  has  been  thus  dried  for  half-an-hour. 
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or  an  hour,  the  crucible  is  covered  with  its  lid,  and  allowed  to  cool  in 

a  glass  containing  concentrated  sulphuric  acid.     If  allowed  to  cool 

Fig.  10. 


Fig.  11, 


in  the  air,  the  contents  of  the  crucible  would  rapidly  re-absorb  mois- 
ture from  the  air.  Figure  11  shows  an  apparatus  adapted  for  this 
purpose.  The  crucible  is  placed  upon  lead  wire,  3,  raised  above  the 
acid ;  and  the  vessel  is  then  hermetically  closed  with  a  well-fitting 
glass  plate,  greased  at  the  borders.  From  this  vessel  the  crucible  is 
removed,  and  immediately  weighed.  It  is  then  once  again  ex- 
posed to  a  temperature  of  100°  C.  (212°  Pahr.),  and  weighed  a 
second  time,  and  if  it  has  not  lost  anything  more  in  weight  the 
operation  may  be  considered  as  complete.  The  quantity  of  solid 
residue  contained  in  the  whole  quantity  of  urine,  may  now  be  ascer- 
tained by  deducting  the  weight  of  the  crucible. 

If,  further,  the  weight  of  the  residue  is  subtracted  from  that  of 
the  whole  quantity  of  urine  operated  upon,  we  obtain  the  amount 
of  evaporated  water. 

For  example : — 

I.  The  quantity  of  urine  passed  in  twenty-four  hours  =  1000  C.  C. 
of  1*024  sp.  gr.  10  C.  C.  are  evaporated  to  dryness,  and  the  residue 
dried  at  100«  C.  (212°  Tahr.). 

The  crucible  with  the  residue  =  24*580  grammes. 
The  crucible  only  =  24*350  grammes. 


The  residue  = 


0*230  gramme. 
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Thus  in  10  C.  C.  of  urine  there  is  0'230  of  residue;  and  consequently 
in  1000  C.  C.  of  urine  23 '0  grammes. 

11.  1000  C.  C.  of  urine  of  sp.  gr.  1-024  =  1024-0  grammes. 
The  residue  substracted  =      23*0  grammes. 

Water  evaporated  =  1001*0  grammes. 

2.  The  method  above  described  (1),  however  carefully  carried 
out;  gives  unsatisfactory  results.  During  the  evaporation  and  desic- 
cation the  acid  phosphate  of  soda  of  the  urine  effects  the  decomposition 
of  the  urea^  and  converts  a  part  of  it  into  carbonic  acid  and  ammonia. 
The  ammonia  unites  with  the  acid  phosphate  of  soda  and  forms 
phosphate  of  soda  and  ammonia — a  compound  which  even  at  a 
temperature  of  100°  C.  (212°  Eahr.)  readily  decomposes.  As  long, 
therefore,  as  the  evaporation  and  desiccation  are  carried  on,  the 
development  of  ammonia,  arising  from  the  decomposition  of  urea, 
occurs,  and  the  residue  has  an  acid  reaction.  If,  therefore,  the 
evaporation  and  desiccation  are  carried  on  in  an  apparatus  which 
enables  us  to  collect  and  measure  the  ammonia  given  off,  we  may 
obtain  satisfactory  results.  As  the  ammonia  undoubtedly  results 
from  the  decomposition  of  the  urea,  we  can,  by  measuring  the 
ammonia,  determine  the  quantity  of  urea  decomposed ;  and  the  quan- 
tity thus  determined  is  added  to  the  urine-residue  when  weighed.  1 
have  obtained  very  excellent  results  in  this  way  by  means  of  an 
apparatus  (see  Mg.  12)  constructed  by  myself  for  the  purpose  here 
indicated. 

A  is  a  water-bath,  twelve  centimetres  high  and  eleven  contimetres 
broad,  through  the  middle  of  which  passes  a  tin  pipe,  of  two  and 
a-half  to  three  centimetres  in  diameter.  Through  this  pipe  the 
glass  tube,  B  B,  of  the  form  represented  in  the  figure,  is  readily 
passed,  and  in  the  tube  is  placed  a  little  porcelain  boat,  seven  to 
eight  centimetres  long  and  1*4  centimetre  broad,  containing  the 
urine.  The  glass  tube,  B  B,  at  one  end  is  connected  by  means  of  a 
cork  with  a  chloride  of  calcium  tube,  P.  The  other  extremity  of  the 
tube,  drawn  out  and  bent,  is  passed  down  through  a  cork  nearly  to 
the  bottom  of  the  flask,  D,  which  contains  standard  sulphuric  acid. 
Through  a  second  hole  in  the  cork  the  flask,  D,  is  brought  into  con- 
nexion with  the  aspirator,  E. 

The  execution  of  the  process  is  easy  : — the  Httle  porcelain  boat  is 
filled  to  about  two-thirds  with  small  pieces  of  broken  glass,  dried  at 
100°  C.   (212°  Pahr.),  and  then  accurately  weighed  in  a  glass  tube. 
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which  is  closed  by  a  cork  covered  with  tinfoil.     Two  cubic  centi- 
metres of  urine  are  then  poured,  by  means  of  a  pipette,  containing 


Fig.  12. 


precisely  that  quantity,  upon  the  glass  fragments  in  the  porcelain 
boat.  The  boat  is  then  carefully  introduced  into  the  tube,  B  B, 
which  is  already  connected  with  flask,  D.  The  flask,  D,  con- 
tains 10  C.  C.  of  standard  sulphuric  acid,  and  is  brought  into  con- 
nexion with  the  aspirator,  E.  The  glass  tube  is  then  carefully 
slipped  into  the  tin  pipe  inside  the  water-bath,  and  the  other  end  of 
it  closed  with  the  chloride  of  calcium  tube,  P, — the  glass  tube  being 
held  firmly  with  the  left  hand  whilst  the  cork  is  pressed  in  with  the 
right.   When  the  water  in  A  boils,  the  cock  of  the  aspirator  is  opened 
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(it  having  been  previously  ascertained  that  the  apparatus  is  perfectly 
air-tight),  and  the  water  allowed  to  flow  out  in  such  quantity  as 
to  cause  the  air  which  is  dried  in  F  to  pass  up,  bubble  by  bubble, 
through  the  sulphuric  acid  in  D. 

In  this  way  the  urine  is  completely  evaporated  in  a  thoroughly  dry 
atmosphere  at  100°  C.  (212°  Fahr.).  The  evaporation  is  completed 
in  three  quarters  of  an  hour,  but  as  the  urine-residue  tenaciously  re- 
tains some  water,  it  is  necessary  to  continue  the  heat  a  short 
time  longer.  The  glass  fragments  greatly  promote  the  desicca- 
tion, which  may  be  considered  as  complete  in  about  three  hours.  The 
current  of  air  is  then  cut  off,  the  chloride  of  calcium  tube  removed, 
the  glass  tube  drawn  out  of  the  water-bath,  and  the  porcelain  boat 
again  slipped  into  the  tube  in  which  it  was  weighed  before  the 
desiccation,  and  at  once  closely  corked-up.  When  thoroughly  cooled 
in  the  exsiccator  (Fig.  11)  the  tube  is  weighed.  The  product  gives 
the  amount,  thus  directly  obtained,  of  the  residue  of  2  C.  C.  of  urine. 

We  next  ascertain  the  quantity  of  ammonia  which  has  been 
evolved.  The  carbonate  of  ammonia,  which  in  most  cases  is  sub- 
limed in  the  tube  that  carries  off  the  vapour,  is  washed  into  the  flask, 
the  cork  removed,  and  the  bent  limb  of  the  tube  which  dips  into  the 
flask  also  washed  by  means  of  a  syringe.  One  or  two  drops  of  tinc- 
ture of  litmus  are  then  added,  the  contents  of  the  flask  heated  to 
boiling,  in  order  to  drive  off  the  carbonic  acid,  and  the  acid,  which  is 
not  yet  saturated,  treated  with  standard  solution  of  caustic  soda.  We 
can  then  at  once  reckon  the  quantity  of  urea  by  the  amount  of  caustic 
soda  employed.  This  quantity  added  to  the  sum  of  urine-residue, 
directly  obtained,  gives  the  entire  quantity  of  solid  constituents  con- 
tained in  the  urine. 

The  standard  sulphuric  acid  used  for  this  purpose  contains  2 '6 6 7 
grammes  of  sulphuric  acid  in  a  litre.  Consequently  1  C.  C.  of  it 
wiU  be  saturated  by  0*0011335  gramme  of  ammonia,  which  corre- 
sponds with  0*002  gramme  of  urea.  If  then  to  this  sulphuric  acid 
caustic  soda  be  added,  of  such  strength  that  1  C.  C.  of  the  sulphuric 
acid  suffices  for  the  exact  saturation  of  2  C.  C.  of  the  soda,  each 
cubic  centimetre  of  the  soda,  less  than  twenty,  which  has  been  used 
in  the  saturation  of  10  C.C.  of  sulphuric  acid,  will  correspond  with 
exactly  one  milligramme  of  urea.     For  example  : — 

The  2  C.  C.  of  urine  in  the  porcelain  boat  yielded  0*10  gramme  of 
solid  residue.  At  the  end  of  the  process  10  C.  C.  of  sulphuric  acid 
employed  required  16  C.  C.  of  caustic  soda ;  consequently  4  C.  C.  have 
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been  neutralised  by  the  evolved  ammonia,  and  these  correspond  with 
0'004  gramme  of  urea.  Hence,  then,  the  2  C.  C.  of  urine  contained 
0*104  gramme  of  residue;  that  is,  52*0  grammes  in  1000  parts. 

The  total  quantity  of  the  solid  constituents  of  the  urine  may  be 
approximatively  calculated  from  a  correct  reading  of  its  specific 
gravity,  due  regard  being  paid  to  its  temperature.  Of  this  I 
have  convinced  myself  by  a  series  of  experiments.  (See  Analytical 
Results.)  By  multiplying  the  last  three  places  of  the  specific  gravity, 
estimated  up  to  four  decimals,  by  the  number  0'233,  we  obtain 
a  tolerably  close  estimate  of  the  amount  of  solid  matters  contained 
in  1000  CO.  of  urine.     For  example  : 

The  twenty-four  hours'  urine  (1500  C.  C.)  has  the  specific  gravity 
1-0134.  The  solid  constituents  in  1000  C.  C.  =  (0-233  X  134)  = 
31-22  grammes;  consequently,  1500  C.  C.  contain  46-83  grammes. 
The  solid  constituents,  weighed  after  the  method  2,  amounted  to 
46*59  grammes. 

The  degree  of  error  incidental  to  this  method  is  pointed  out  in 
the  Tables  given  in  the  Analytical  Results. 


section  liii. 
Deteemination  of  the  Incombustible  Salts  of  the  Urine. 

The  solid  residue  of  the  urine  obtained,  as  already  described 
(Sect.  Lii.,  1) — its  weight,  as  weU  as  that  of  the  crucible  containing 
it,  having  been  ascertained — serves  for  determining  the  amount  of 
incombustible  salts  in  the  urine.  To  obtain  these  salts  in  an  iso- 
lated form,  the  organic  matters  must  first  of  all  be  driven  off"  at 
a  red-heat.     The  following  is  the  process  : — 

1.  The  residue  contained  in  the  crucible,  and  obtained  from  10  C.C. 
of  urine,  is  treated  with  from  10  to  13  drops  of  moderately  strong 
nitric  acid,  or  with  a  concentrated  solution  of  pure  nitrate  of  am- 
monia, and  is  then  heated,  at  first  very  gently,  over  Berzelius^'s  spirit- 
lamp,  until  the  whole  mass  has  again  become  dry.  The  heat  is  now 
gradually  increased,  but  with  due  care,  in  order  that  the  contents  of 
the  crucible  may  not  bubble  over ;  the  mass  at  last  shrinks  greatly, 
and  after  a  short  time  we  obtain  a  whitish  residue  free  from  carbon. 
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On  the  addition  of  nitric  acid  the  urea  is  converted  into  ni- 
trate of  urea,  which  when  heated  is  first  decomposed  into  carbonic 
acid  and  nitrate  of  ammonia,  and  finally  escapes  as  water  and  nitrous 
oxide  gas.  By  this  method  we  gain  much  time,  for  the  urea,  which 
forms  the  greatest  part  of  the  urine-residue,  and  produces  much 
carbon  at  the  ordinary  red-heat,  is  thereby  removed,  and  moreover 
a  portion  of  the  remaining  carbon  more  readily  oxidises  and  burns 
off  under  the  action  of  the  nitrate  of  ammonia  which  is  formed. 
The  operator  must,  however,  carefully  avoid  adding  too  much 
nitric  acid,  and  using  too  great  a  heat,  whereby  no  inconsiderable 
quantity  of  chlorine  and  vapours  of  phosphorus  are  dissipated. 

The  saline-residue  thus  obtained  is  again  allowed  to  cool  in  the 
exsiccator  (Eig.  11.),  and  is  then  taken  from  the  apparatus  and 
weighed.  A  small  pair  of  crucible-forceps  are  required  to  hold  the 
heated  crucible.     (Eig.  13.) 

Fig.  13. 


If  from  the  total  weight  thus  obtained  the  known  weight  of  the 
crucible  (Sect.  Lii.)  be  subtracted,  we  have  the  actual  quantity  of 
the  incombustible  salts. 

Quantity  of  urine  1000  C.  C. 

Crucible  with  ashes  of  10  C.  C.  =  24*406  grammes. 
Crucible  alone      =24-350  grammes. 
Ashes  of  10  C.  C.=    0*056  gramme. 
1000  C.  C,  consequently,  contained  5*60  grammes  of  incombustible 
salts. 

2.  The  following  is  an  excellent  method  for  estimating  the  incom- 
bustible salts  of  the  urine,  and  under  all  circumstances  is  preferable  to 
the  first.     {Phanii.  Centr.,  1850,  543.) 

A  measured  quantity  of  urine,  20  to  30  C.  C,  is  evaporated  in  a  por- 
celain crucible  whose  weight  is  known,  or  in  a  small  platinum  basin, 
by  means  of  the  water-bath  (see  Sect.  lii.).  When  the  residue 
has  become  nearly  dry,  from  one  to  two  grammes  of  finely-powdered 
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and  carefully  weighed  spongy  platinum  are  mixed  with  it  by  the  aid  of 
a  small  platinum  wire,  and  the  whole  is  then  evaporated  to  dryness. 
The  residue,  with  the  platina,  is  then  heated  over  a  spirit-lamp,  at 
first  very  gently,  and  then  more  strongly,  until  the  whole  of  the  carbon 
in  it  is  consumed,  and  the  residue  has  assumed  a  light  grey  colour. 
By  subtracting  the  weight  of  the  crucible  and  of  the  spongy  platuium, 
we  obtain  the  amount  of  the  incombustible  salts  in  the  urine. 

The  process  of  incineration  goes  on  very  rapidly  .b}^  this  means, 
for  the  coal,  which  readily  fuses,  and  is  consequently  difficult  of  com- 
bustion under  ordinary  circumstances,  is  kept  in  a  loose  porous  con- 
dition by  the  spongy  platinum,  and  the  air  thereby  permitted  to  act 
freely  upon  it. 

The  residual  mass  is  also  extremely  well  adapted  for  enabling 
us  to  determine  separately  the  salts  which  are  soluble  in  water,  and 
those  which  are  soluble  in  hydrochloric  acid.  Por  this  purpose,  the 
residue  is  treated  with  hot  water  so  long  as  the  water  takes  up  any 
of  it — a  fact  which  must  be  determined  by  evaporating  a  drop 
of  the  solution  on  platinum- foil.  The  aqueous  solution  thus  ob- 
tained is  evaporated  in  a  small  platinum  basin  (which  has  been  pre- 
viously weighed),  to  dryness  in  the  water-bath,  and  the  residue  which 
remains  is  very  slowly  heated  to  redness ;  by  subtracting  the  weight 
of  the  cup,  we  can  reckon  the  quantity  of  the  soluble  salts  in 
the  water,  and  consequently  in  the  whole  quantity  of  the  urine 
operated  upon. 

Hydrochloric  acid  is  next  poured  over  the  residue  which  has 
been  thus  treated  with  boiling  water,  the  mixture  heated,  and  after  a 
little  time  filtered.  The  spongy  platinum,  after  being  washed,  is  now 
left  in  a  perfectly  pure  state,  with  the  exception  of  a  trace  of  silicic 
acid,  which  the  urine  contains,  and  which  is  easily  removed  by  heating 
with  caustic  potash.  The  platinum,  after  being  heated  to  redness,  may 
be  again  used  for  the  purpose  of  incineration.  The  solutions  thus 
obtained  are  absolutely  colourless  and  free  from  organic  matters. 
To  ascertain  the  quantity  of  each  one  of  the  substances  contained  in 
these  solutions,  that  is,  of  the  potash,  the  soda,  and  the  sulphuric, 
hydrochloric,  and  phosphoric  acids  in  the  aqueous  solution,  and  of 
the  lime,  magnesia  and  phosphoric  acid  in  the  hydrochloric  acid 
solution,  we  must  employ  the  processes  usually  adopted  in  analysis 
of  ashes.  A  description  of  these  would  lead  me  too  far  from  my 
subject,  and  I  shall  therefore  refer  the  reader  to  Presenias^  Q^uan- 
titatwe  Analysis,  4th  edit. 
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section  liv. 
Deteumination  of  the  Coloueing-Matter  of  the  Urine. 

The  process  here  given  is  that  described  by  Vogel ;  we  may  there- 
fore rest  assured  that  it  is  well  adapted  for  the  purposes  of  the 
physician.  {ArcJiiv  zur  Forderung  wissensoTiaftliclier  Heilkunde, 
1853.     Heft.  1,  p.  137.) 

A.  Table  of'  colours.     (See  the  appended  Table.) 

Vogel  succeeded^  after  making  a  large  number  of  observations,  in 
assigning  to  the  different  shades  of  colour,  both  of  normal  and  of 
abnormal  urine,  its  appropriate  character.  He  accomplished  this  by 
forming  artificial  colours  with  a  mixture  of  varying  quantities  of 
gamboge,  lake-carmine,  and  Prussian  blue.  He  distinguishes  three 
groups  or  shades  of  colour. 

Group  I.      Yellow   Urine. 
The  colour  is  a  yellow  (gamboge)  more  or  less  diluted  with  water. 
This  group  contains  three  varieties  of  colour,  whose  starting-point 
is  completely  colourless  urine,  which  is  very  seldom  met  with. 

1.  Pale  Yellow  (gamboge  with  much  water), 

2.  Bright  Yellow  (     „       with  little  water), 

3.  Yellow  (     „       with  very  little  water). 

Group  II.     Reddish   Urine. 

More  or  less  red  is  mixed  with  the  yellow  (gamboge,  with  lake- 
carmine)  . 

Urine  of  this  kind  is  distinguished  by  the  common  phrase  of 
"  high  ""-coloured.  Three  shades  of  colour  also  fall  under  this  head : — 

4.  Reddish-yellow. — A  little  red  is  mixed  with  the  yellow,  the 
yellow  prevailing  (gamboge,  with  a  little  lake- carmine). 

5.  Yellowish-red. — The  red  colour  more  distinctly  mixed  with 
the  yellow  (gamboge,  with  more  lake-carmine). 

6.  Red. — The  red  prevailing,  but  a  little  yellow  still  mixed 
with  it  (lake-carmine,  with  a  little  gamboge) . 

Group  HI.     Broion  {dark)  Urine. 
The  red  colour  passes  through  brown,  almost  into  black  (gam- 
boge, lake-carmine,  with  more  or  less  Prussian  blue). 

7.  Brownish-red. — A  little  brown  mixed  with  the  red. 

8.  Reddish-hrown. — Browner  than  last. 

9.  Brownish-blacJc. — Almost  black,  but  with  a  tendency  to  brown. 
A  practised  eye  can  distinguish  intermediate  shades  between  these 
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varieties  of  colours,  so  as,  for  example,  to  be  able  to  determine  that 
the  colour   is   intermediate  between   bright-yellow  and  yellow;  or 
that  it  approaches  nearer  to  the  reddish-yellow  than  to  yellowish-red 
and  so  on.     According  to  Vogel,  however,  the  nine  shades  abov 
given  suffice  for  all  practical  purposes. 

B.  Indication  of  these  shades  of  colour. — The  varieties  of  colour 
correspond  with  certain  variations  in  the  quantity  of  the  colouring- 
matter  of  the  urine.  It  has  for  instance  been  found,  that  by 
diluting  a  higher  number  with  water,  all  the  numbers  below  it  may 
be  produced.  Thus  all  the  nine  varieties  of  colour  form  one  series, 
and  the  colouring-matters  of  the  urine  may  be  considered  as  merely 
different  degrees  of  dilution  of  one  and  the  same  pigment-matter; 
from  this  category,  however,  must  naturally  be  excluded  accidental 
colouring-matters,  such  as  bile-,  drug-,  or  food-pigments,  which  are 
only  occasionally  met  with.  These  experiments,  quantitatively  con- 
sidered, show  that  urine  diluted  with  an  equal  quantity  of  water, 
produces  almost  the  very  same  shade  of  colour  with  that  standing 
immediately  below  it  in  the  scale;  200  C.  0.  of  urine,  for  instance,  of 
yellowish-red  colour,  diluted  with  200  C.  C.  of  water,  thus  become  of 
a  reddish-yellow  colour,  &c.  This  relative  connexion  holds  good  in 
all  divisions  of  the  scale,  so  that  it  may  be  made  use  of  to  determine 
quantitatively  the  relative  amount  of  pigment-matter  in  diiferent  urines 

The  following  Table  will  serve  for  such  an  analysis  : — 
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I. 

II. 

III. 

IV. 

V. 

16 

8 

1 

VI. 

VII. 

VIII. 

IX. 

1 

2 
1 

4 
2 

1 

8 
4 
2 
1 

32 
16 
8 
4 
2 
1 

64 
32 
16 
8 
4 
2 
1 

128 

64 

32 

16 

8 

4 

2 

1 

256 

128 

64 

32 

16 

8 

4 

2 

1 

Pale  yellow         =  I. 
Bright  yellow     =11. 
Yellow.     .     .     =  III. 
Reddish-yellow  =  IV. 
Yellowish-red     =  V. 
Red  ....     =  VI. 
Brownish-red     =  VII. 
Reddish-brown  =  VIII. 
Brownish-black  =  IX. 

c.  Use  of  this  tahle. — This  Table  serves  for  the  quantitative  com- 
parison of  the  amount  of  urine-pigment  passed  with  the  urine ;  it 
tells  us  what  is,  comparatively,  the  quantity  of  colouring-matter  con- 
tained in  equal  quantities  of  urine  of  different  shades  of  colour.  If, 
for  instance,  a  given  quantity  of  pale-yellow  urine  contains  1  part  of  j 
colouring-matter,  a  like  volume  of  yellowish-red  urine  will  contain] 
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16  parts,  of  red  32  parts,  of  brownish-black  256  parts,  &c.  of 
colouring-matter.  Moreover,  1  volume  of  yellow  urine  will  contain 
as  much  colouring-matter  as  4  volumes  of  pale-yellow,  1  volume 
of  red  as  much  as  4  volumes  of  reddish-yellow,  as  32  volumes  of 
pale-yellow,  and  so  on.  If,  therefore,  one  person  passes  1000  C.  C. 
of  yellow  urine  in  twenty-four  hours,  and  another  person  passes 
4000  C.  0.  of  pale-yellow  urine  in  the  same  time,  they  will  both  pass 
an  equal  quantity  of  colouring-matter. 

In  order  to  establish  an  approximative  comparison  in  figures, 
Vogel  sets  down  the  quantity  of  colouring-matter  contained  in  1000 
C.  C.  of  pale  urine  as  =  1. 

In  comparing  the  colour  of  the  urine  with  the  table  of  colours, 
we  must  take  care  that  the  urine  is  perfectly  clear — in  most  cases  it 
will  require  filtering — and  that  the  light  in  which  we  observe  it 
should  pass  through  a  layer  of  urine  four  to  five  inches  thick; 
otherwise  the  results  obtained  will  not  be  uniform.  Por  this  pur- 
pose glasses  from  four  to  five  inches  in  diameter,  and  containing 
800  to  1000  C.  C.  should  be  employed.  If  the  thickness  of  the 
layer  of  fluid  be  less,  the  colours  will  be  comparatively  paler  than 

rose  given  in  the  Table. 
Example : — 
1800  C.  C.  of  yellow  urine  are  passed  in  twenty-four  hours. 
1000  C.  C.  of  pale-yellow  urine  =  1  part  of  colouring-matter,  but 
yellow  urine,  according  to  the  Table,  contains  four  times  as  much ; 
consequently  we  obtain  the  following  proportion : — 

1000  :  4  =  1800  :  x  =  7*2  =  the  quantity  of  colouring-matter 
in  1800  C.  C.  of  yellow  urine — the  colouring-matter  in  1000  C.  C.  of 
pale-yellow  urine  being  taken  as  1. 


section  lv. 

Deteumination  op  the  Quantity  of  the  Individual 
Constituents  of  Urine. 

The  Volumetrical  Method. 
By  the  adoption  of  this  method  of  calculation,  the  analysis  of 
the  urine  is  greatly  simplified,  and  much  more  quickly  accomplished. 
In  determining  the  weight  of  any  substance  by  volumetrical  ana- 
lysis we  do  not  proceed,  as  in  the  ordinary  way,  by  collecting  and 

ra 
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weighing  it  after  its  precipitation.  Wliat  we  do  is  this :  w 
learn  the  quantity  of  the  substance  present  by  calculating  the 
exact  amount  of  the  reagent,  which  is  employed  and  required  for  the 
completion  of  the  reaction.  Estimations  by  this  method,  which  are 
thus  wholly  founded  on  a  determination  of  the  amount  of  the  soluble 
test  used,  require  for  their  success,  the  exact  fulfilment  of  the  fo. 
lowing  conditions  : — 

1.  The  strength  of  the  reagent  in  solution  must  be  accurate 
known,  as  well  as  the  quantity  of   the  volumetrical  solution  em- 
ployed. 

2,  The  point  at  which  the  reaction  ceases,  that  is,  when  the 
exact  amount  of  the  volumetrical  solution  necessary  for  its  comple- 
tion has  been  added,  must  be  indicated  in  a  way  distinctly  mani- 
fest to  the  eye. 

8.  The  decomposition,  on  whose  completion  the  analysis  depends, 
must  be  in  all  cases  the  same. 

4.  The  decomposition  must  be  so  conducted,  that  no  part,  either 
of  the  agent  acting  or  of  the  substance  acted  on,  shall  be  lost. 

As  these  conditions  vary  in  different  instances,  no  general  direc- 
tions, applicable  to  all  cases,  can  be  given  for  their  fulfilment.  We 
shall,  therefore,  explain  them  more  particularly  when  treating  sepa- 
rately of  the  different  substances  employed  in  the  analysis.  We 
must,  however,  in  the  first  place  give  a  general  description  of  the 
apparatus  required  in  the  performance  of  this  method  of  analysis. 
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section  lvi. 
Apparatus. 


The  French  system  of  weights  and  measures,  on  account  of 
its  general  excellence,  is  invariably  employed  in  all  quantitative 
chemical  analyses.  There  is  in  this  system  an  intimate  relation 
between  weight  and  volume;  1000  CO.,  for  example,  of  water  =  1 
litre  of  water  taken  at  its  greatest  density,  that  is  at  +  4°  (39° 
Eahr.),  weigh  exactly  1  kilogramme,  or  1000  grammes.  Conse- 
quently, one  cubic  centimetre  corresponds  exactly  to  one  gramme. 

All  the  measures  employed  in  volumetrical  analysis  are  divided 
into  cubic  centimetres.     Of  these  we  may  mention  : — 
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Fig.  14. 
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1.  The  graduated  pipette. — It  is  made  of  glass ;  and  its  form  is 
shown  in  Fig.  14,  a.  b.  It  serves  us  for  measur- 
ing the  fluid  which  is  to  be  investigated ;  and 
when  filled  to  the  neck,  where  it  is  marked,  con- 
tains 50,  20,  15,  10,  4,  or  3  cubic  centimetres. 
In  using  it  its  point  is  introduced  into  the  fluid, 
and  suction  made  until  the  fluid  has  risen  above 
the  level  of  the  mark  in  the  neck ;  the  upper 
opening  is  then  closed  with  a  moist  finger — 
neither  dry  nor  wet, — the  pipette  dried  outside 
to  remove  any  adherent  fluid,  and  the  finger 
slightly  raised  to  admit  a  little  air,  and  to 
allow  the  fluid  to  escape  until  it  reaches 
the  level  of  the  mark,  the  surface  of  the  fluid 
being  kept  on  the  same  level  as  the  eye.  When 
the  fluid  has  fallen  to  this  point,  the  pipette  is 
again  firmly  closed  with  the  finger,  and  its  con- 
tents may  now  be  allowed  to  run  out  into  any 
convenient  vessel. 

The  mode  of  graduating  the  pipette  is  a 
matter  of  great  importance,  for  it  depends  upon 
this,  whether  the  last  drops  which  collect  in  the 
lower  opening  of  the  instrument,  and  can  be  re- 
moved by  blowing  into  the  pipette,  are  to  be  em- 
ployed or  not.  The  most  correct  and  useful  are 
those  called  Pipettes  a  V Scoulement,  which  are 
so  graduated  as  to  allow  the  measured  quantity 
of  fluid  to  flow  out  in  one  stream,  so  that  there 
is  no  necessity  for  blowing  out  the  last  drops 
from  the  nozzle  of  them.  In  all  cases  it  is 
best  to  bring  the  point  of  the  pipette  against 
the  moist  side  of  the  glass,  while  the  fluid  is  escaping  from  it.  This 
method  of  measuring  gives  the  most  uniform  results;  but  it  is 
evident  that  the  pipettes  must  be  graduated  expressly  for  this  kind 
of  measurement.  Eor  analysis  of  the  urine,  and  in  order  to  be 
prepared  for  all  cases,  pipettes  containing  50,  30,  15,  10,  4,  and  3 
C  C.  are  required. 

The  following  apparatus  serves  for  measuring  the  volumetrical 
solutions : — 

2.  Mohr^s  pipette. — This   pipette  is  graduated   throughout   its 
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whole  length,  and  contains  from  30  to  40  C.  C. ;  each  centimetre 
again,  is  subdivided  into  10  parts,  representing  the  Va  C.  C.  (Pig.  15). 
They  are  not  drawn  out  at  the  upper  part,  but  permit  fluids  to  be 
readily  poured  into  them,  the  opening  being  tlien  closed  with  a  cork. 
To  allow  the  volumetrical  solution  to  flow  drop  by  drop  out  of  this 
pipette,  the  following  extremely  simple  arrangement  is  resorted  to, 
and  serves  for  all  purposes  of  this  kind :  A  glass  tube  drawn  to  a 
fine  point,  Fig.  16,  d,  is  fixed  into  the  lower  end  of  a  short  piece  ol 
vulcanised  india-rubber  tubing,  Fig.  X^^aa,  which  is  compressed  an( 


Fig.  15. 


Fig.  16. 


Fig.  17. 


hermetically  closed  by  the  clip,  h  h,  Figs.  16  and  17.   This  clip  is  so 
arranged  as  to  be  opened  by  pressing  upon  the  two  plates,  c  c.    The] 
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indian-rubber  tube  is  slipped  over  the  nozzle,  hy  of  the  pipette,  Eig. 
15,  and  the  pipette  fixed,  bj  means  of  a  cork,  into  a  wooden  frame, 
so  as  to  hang  down  perpendicularly.  Pig.  18  represents  the  appa- 
ratus complete. 

Fig.  18. 


In  using  it,  the  pipette  is  filled  up  to  the  mark  6>,  Fig.  18,  with 
the  volumetrical  fluid,  the  urine  to  be  tested  measured  out  into  the 
beaker-glass,  I,  and  the  volumetrical  solution  then  allowed  to  run 
out,  by  pressing  on  the  clip,  and  towards  the  last  to  drop  into  it,  until 
the  proper  quantity  has  been  added.  By  this  ingenious  arrangement 
we  secure  both  a  rapid  flow  of  the  fluid,  and  also  its  flow  in  single 
drops.  In  investigations  which  require  some  time  for  their  com- 
pletion, two  or  more  of  these  are  employed ;  when  completely  or 
half-filled,  they  are  fixed  in  the  stand  and  there  left,  their  upper 

Vpening  being  closed  with  a  cork  to  prevent  evaporation. 
An  apparatus  of  this  description,  which  is  very  convenient  for  the 
purposes  of  the  physician,  is  represented  in  Fig.  19  ;  its  use  is  readily 
understood,  a  b,  on  which  the  eight  arms  are  fixed,  is  a  short  cyhn- 
;.  der  of  brass  sustained  by  a  screw,  and  readily  moved  on  its  axis. 
'  Above,  the  pipettes  are  held  in  their  places  by  spring  clasps,  but 
below  are  simply  received  in  a  conical  holder,  furnished  with  a 
hinge,  in  order  to  allow  of  the  more  ready  removal  of  the  pipette ;  c  cc 
are  pieces  of  card-paper,  fixed  on  to  each  arm  by  means  of  a  small 
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clamp ;  these  cards  indicate  the  nature  of  the  fluid  in  the  pipettes ; 
dis  a.  platform,  resting  upon  four  screws,  which  serve  for  perpendi- 
cular adjustment  of  the  whole  apparatus.  By  enlarging  the  appara- 
tus, six  to  eight  pipettes  may  be  easily  fixed  in  it. 

Fov  the  same  purpose  serves  also : — 

3.  TAe  graduated  burette, — The  ordinary  form  of  this  ingenious 
instrument  is  shown  in  Tig.  20.     The  narrow  tube  serves  for  the 


Fig.  20. 
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exit  of  the  fluid,  and  must  therefore  be  placed  somewhat  below  the 
level  of  the  opening  of  the  larger  tube  in  order  to  allow  of  the  ready 
escape  of  the  fluid.  These  burettes  contain,  either  30  C.  C,  and  are 
in  such  case  divided,  like  the  pipette,  Pig.  15  into  ^  C.  C,  or  they 
contain  50  C.  C,  and  are  then  divided  into  100  parts,  each  of  which 
contains  \  C.  C.     When  used,  they  are  filled  up  to  a  little  above  the 
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point  0  with  the  volumetrical  solution,  and  the  excess  then  allowed 
to  escape  through  the  narrow  tube,  until  the  level  of  the  fluid  is 
found  to  be  exactly  at  o.  Mohr's  apparatus,  above  described,  render 
this  instrument,  which  is  readily  broken,  superfluous.  Mohr^s  pi- 
pette, as  well  as  the  burette,  must  be  graduated  a  V ecoulement, 

4.  The  graduated  cylinder  serves  for  the  preparation  of  the  volu- 
metrical solutions,  and  is  represented  in  Tig.  21.  It  should  hold  from 
500  to  600  C.  C,  and  be  marked  off  at  every  5  C.  C.    Graduated 
tasks,  as  shown  in  Pig.  22,  also  serve  for  the  purpose ;  when  filled 
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up  to  a  certain  mark  in  the  neck,  they  should  contain  1,  \,  or  |  of  a 
litre.  Por  the  preparation  of  the  volumetrical  solutions  these  flasks 
are  preferable  to  the  cylinders. 

All  the  instruments  here  spoken  of  may  be  obtained,  of  great  ex- 
actitude, from  Niemann,  of  Alfeld,  in  Hanover. 


168  GENERAL  RULES. 

section  lvii. 

Mode  of  Puocedure. 

In  carrying  out  the  volumetrical  metliod  of  analysis  we  must,  as 
already  remarked,  pay  tlie  greatest  attention  to  the  preparation  of  the 
solutions  required  for  the  purpose,  for  upon  these  solutions  the  correct- 
ness of  the  analyses  essentially  depends.  Special  rules  for  this  object 
will  be  given  under  the  head  of  each  particular  process.  We  may,  how- 
ever, remark,  that  the  solutions  must  always  be  prepared  and  used  at  a 
given  temperature,  as  their  volume  varies  considerably  under  the 
action  of  heat.  Great  care  is  also  required  in  reading  off  the  level  of 
the  fluid  in  the  different  kinds  of  measures  used ;   for  instance : — 

1.  We  must  take  care  that  the  level  of  the  fluid  is  not  interfered 
with  by  any  bubbles  of  air.  We  must  allow  the  bubbles  to  break  of 
themselves,  or  they  must  be  removed  by  a  glass  rod. 

2.  The  surface  of  the  fluid  must  be  perfectly  level.  This  point  is 
obtained  in  the  case  of  the  pipette  by  allowing  it  to  hang  freely  ;  but, 
in  the  case  of  the  burette,  best  of  all,  by  placing  it  flat  against  a 
pane  of  glass. 

3.  When  fluid  is  poured  into  a  narrow  tube,  we  observe,  that  its 
surface  forms  a  curve,  in  consequence  of  capillarity.  When  we 
examine  this  curve,  especially  by  transmitted  light,  several  zones  are 

readily  distinguished  in  it  (Fig.  23).  Now,  it  is  not 
Fig.  23.  a  matter  of  indifference,  in  reading  off  the  scale, 
whether  the  upper,  or  the  lower,  or  the  middle  por- 
tion of  the  curve  corresponds  with  the  graduation. 
The  measurements  are  most  accurate,  when  (the 
pipette  or  the  burette  having  been  placed  in  a  perpen- 
dicular position)  the  eye  is  brought  on  to  a  level  with 
the  under  border  of  the  dark  zone,  and  the  graduation 
of  the  fluid  corresponding  with  it  then  read  off.  This 
border  is  most  distinctly  marked  and  seen  by  trans- 
mitted light. 

When  the  urine  to  be  tested  has  been  measured, 
a_      and  the  pipette  or  the  burette  filled  with  the  volu- 
metrical solution,  we  first  of  all  allow  the  solution  to 
run  slowly  out,  and  at  last  drop  by  drop  into  the  urine,  until  the  opera- 
tion is  completed.     When  the  point  of  completion  is  shown  in  all 
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parts  of  the  fluid,  by  some  distinct  reaction,  we  are  sure  that  the 
process  followed  is  good ;  but  if  this  be  not  the  case,  then  we  must 
test  the  mixture  again  and  again  towards  the  conclusion  of  the 
experiment,  until  the  right  point  has  been  attained.  Each  process 
has,  in  this  respect,  its  own  particular  mode  of  reaction,  and  must, 
therefore,  be  separately  provided  for.  When  the  addition  of  the 
volumetrical  solution  is  duly  accomplished,  we  ascertain  the  volume 
of  the  fluid  which  has  been  used — taking  the  precautions  above  laid 
down — and  from  this  we  calculate  the  quantity  of  the  substance 
sought  for  in  the  urine. 

If,  for  example,  in  ascertaining  the  quantity  of  urea  in  10  C.  C.  of 
urine,  we  use  20  C.  C.  of  the  solution  of  mercury,  each  C.  C.  of  wliich 
exactly  corresponds  with  10  milligrammes  of  urea,  it  follows:  that  in 
the  10  C.  C.  of  urine  (20  X  10)  there  are  200  milligrammes  of  urea, 
and  therefore  in  1000  C.  C.  20*00  grammes. 

In  using  the  burette,  care  must  be  taken,  not  to  hold  it  too  much 
on  one  side  so  as  to  allow  the  fluid  to  escape  out  of  the  broad 
tube.  This  readily  happens,  if  a  drop  of  the  fluid  should  remain 
behind  in  the  narrow  end  of  the  tube,  and  prevent  the  flow  of  the 
fluid.     This  accident  may  be  prevented  by  blowing  into  the  tube. 

By  volumetrical  analysis  we  can  determine  the  quantity  of  chlorine, 
of  urea,  of  phosphoric  acid,  of  free  acids,  of  sulphuric  acid,  of  lime, 
of  ammonia,  and  of  sugar  in  the  urine. 


section  lviii. 

Determination  of  the  Quantity  of  Chlorine  in  the  Urine. 
Chloride  of  Sodium. 

Liebig's  method  with  Proto-nitrate  of  Mercury. 

A.  Theory. — The  principle  upon  which  this  excellent  volumetrical 
])rocess  is  founded  has  already  been  spoken  of  under  the  head  of  Chlo- 
ride of  Sodium  (Sect.  xi.  4).  We  need,  therefore,  here  only  remind 
the  reader,  that  in  a  solution  of  chloride  of  sodium  which  contains 
urea,  a  permanent  precipitate  of  urea  and  oxide  of  mercury  is  not 
formed  by  a  solution  of  nitrate  of  mercury  until  the  whole  of  the 
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chloride  of  sodium  present  has  been  decomposed,  and  the  nitrate  of 
mercury  consequently  converted  into  corrosive  sublimate.  When 
the  chloride  of  sodium  is  thus  completely  decomposed,  the  very  next 
drop  of  the  solution  of  mercury  which  is  added  will  throw  down  a 
permanent  deposit  of  oxide  of  mercury  and  urea. 

One  equivalent  of  chloride  of  sodium  (one  equivalent  of  chlorine) 
corresponds  with  one  equivalent  of  nitrate  of  mercury ;  if,  therefore, 
we  know  the  quantity  of  mercury  in  the  solution  of  nitrate  of  mercury 
that  has  been  added  to  the  solution  of  urea  containing  chloride  of  sodium 
— the  quantity  of  chloride  of  sodium  in  the  mixture  being  unknown — 
w^e  at  once  learn  the  quantity  of  chlorine  or  chloride  of  sodium  which 
was  contained  in  the  solution.  Of  course  it  is  understood  that  the 
nitrate  of  mercury  solution  is  added,  as  above  enjoined,  only  up  to 
the  point  when  a  permanent  precipitate  begins  to  fall. 

Eor  this  process  the  following  solutions,  whose  preparations  are 
here  given,  are  required  :  — 

B.  Prej)aration  of  the  solutions. — \.  Standard  solution  of  chloride 
of  sodium. — This  solution  must  contain  exactly  0"200  gramme 
in  10  C.  C,  or  20  grammes  of  salt  in  1000  C.  C.  (one  litre); 
it  is  readily  prepared  by  dissolving  20  grammes  of  pure  fused  chlo- 
ride of  sodium  in  water  and  then  diluting  the  solution  up  to 
1000  C.  C.  We  can  also  obtain  a  solution  which  contains  a  con- 
stant quantity  of  the  salt,  by  pouring  water  over  lumps  of  pure 
transparent  rock-salt,  and  allowing  it  to  stand  for  twenty-four  hours, 
at  a  temperature  between  12°  and  24°  C.  (53°  and  75°  Eahr.),  (fre- 
quently shaking  it  during  that  time).  According  to  Liebig^'s,  Tehl- 
ing's,  and  my  own  observations,  10  0.  0.  of  this  clear  filtered  solu- 
tion contain  3*184  grammes  of  chloride  of  sodium. 

If  now  we  measure  out,  by  means  of  the  pipette,  and  with  the 
precautions  above  given,  20  0.  C.  of  this  solution  of  salt,  and  dilute 
it  up  to  318'4  C.  C,  we  shall  find  that  it  contains  altogether  6368 
milligrammes  of  chloride  of  sodium,  and  therefore,  exactly  200  milli- 
grammes of  salt,  in  10  C.  C. 

2.  Solution  of  urea. — This  solution  must  contain  4  grammes 
of  urea  in  100  C.  C,  and,  consequently,  40  milligrammes  in  1  C.  C. 
It  is  prepared  by  weighing  out  4  grammes  of  urea,  dissolving  them, 
and  diluting  them  up  to  100  C.  C. 

3.  Standard  solution  of  proto -nitrate  of  mercury. — This  solution 
must  contain  17*06  grammes  of  mercury  in  a  litre;  so  that  1  C.C. 
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of  it  will  exactly  correspond  with  10  milligrammes  of  chloride  of 
sodium. 

a.  Preparation  of  the  proto-nitrate  of  mercury. — Great  care  is 
required  in  its  preparation,  as  it  must  be  absolutely  free  from  all 
admixture  with  bismuth,  lead,  silver,  and  suboxide  of  mercury. 

17 '06  grammes  of  chemically  pure  mercury  are  weighed  and  in- 
troduced into  a  beaker-glass,  which  is  then  covered  with  a  large 
watch-glass,  and  heated  with  strong  nitric  acid,  free  from  chlorine, 
so  long  as  any  nitrous  acid  vapour  is  given  off,  and  until  a  drop  of 
he  fluid  tested  with  chloride  of  sodium  ceases  to  show  any  cloudi- 
ness from  formation  of  subchloride  of  mercury.  The  solution 
of  oxide  of  mercury  thus  obtained  is  evaporated  to  a  syrup  in  a 
water-bath,  and  then  diluted  with  water  up  to  a  litre.  Should  any 
basic  salt  separate  in  the  process,  a  drop  or  two  of  nitric  acid  will 
at  once  eff'ect  its  disappearance.  This  solution  must  then  be 
tested  with  the  standard  chloride  of  sodium  (1),  in  order  to  try 
its  purity. 

Pure  mercury  is  not  to  be  bought  in  the  market,  and  if  the  opera- 
tor possesses  none,  he  may  prepare  it  from  crystals  of  subnitrate  of 
mercury,  which  are  obtained  by  heating  an  excess  of  mercury  with 
dilute  nitric  acid,  and  by  concentration  and  cooling  of  the  solution. 
The  crystals  are  separated  from  the  impure  mother-liquor,  washed 
with  a  little  dilute  nitric  acid,  then  with  water,  and  dissolved  in 
nitric  acid,  and,  as  before,  converted  into  an  oxide.  The  solution, 
evaporated  to  a  syrup  in  the  water-bath,  is  diluted  with  ten  times  its 
volume  of  water.  If  in  the  course  of  twenty-four  hours  any  basic 
salt  is  separated  from  this  mixture,  it  may  be  removed  by  filtration. 
This  process  is  much  to  be  preferred  to  the  first,  for  mercury  can 
rarely  be  obtained  pure  enough  for  the  purpose  required,  and 
a  small  admixture  of  other  metals  in  it  causes  very  considerable  dis- 
turbances in  volumetrical  analysis,  so  as  in  fact  to  interfere  greatly 
with  the  final  results,  and  in  some  cases  to  render  correct  calculation 
impossible. 

The  quantity  of  oxide  contained  in  the  solution  must  now  be  de- 
termined, that  is  to  say,  the  solution  must  be  graduated — rendered 
volumetrical. 

h.  Graduation^  of  the  solution  of  mercury. — The  graduation  may 
be  effected  in  two  w^ays,  either  directly  with  a  solution  of  pure  chlo- 
ride of  sodium  of  known  strength  (solution  of  chloride  of  sodium,  1) ; 
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or  the  quantity  of  oxide  of  mercury  may  be  first  ascertained,  and  the 
solution  then  diluted  with  water,  so  as  that  one  litre  shall  contain 
17*06  grammes  of  mercury.  One  cubic  centimetre  of  this  solution 
corresponds  with  10  milligrammes  of  chloride  of  sodium,  or  with 
6*065  milligrammes  of  chlorine.  For  the  second  process  a  peculiar 
method  of  graduating  mercury,  has  been  proposed  by  Liebig,  which 
I  will  explain  in  the  next  paragraph. 

The  graduation  with  the  solution  of  chloride  of  sodium  is  per- 
formed in  the  following  manner  : — 

10  C.  C.  of  the  standard  solution  of  chloride  of  sodium  (1)  is  mea- 
sured off  by  a  pipette  into  a  small  beaker-glass ;  3  C.  C.  of  the  solution 
of  urea  (2),  and  5  C.  C.  of  a  cold  saturated  solution  of  pure  sulphate 
of  soda  are  then  added  to  it.  Mohr's  pipette,  or  the  burette,  is  now 
filled  in  the  manner  above  described  (Section  lvi.),  with  the  dilute  solu- 
tion of  mercury,  which  is  then  allowed  to  flow  out  by  drops  into  the 
solution  of  urea  and  chloride  of  sodium,  the  mixture  being  continually 
agitated.  As  soon  as  a  distinct  and  permanent  precipitate  appears 
in  the  fluid,  the  test  is  complete.  A  mere  opalescence  of  the  fluid 
is  not  a  sufficient  sign  of  the  completeness  of  the  reaction,  for  it  may 
depend  upon  the  accidental  presence  of  a  trace  of  foreign  metals,  and 
is,  in  fact,  very  different  from  the  suddenly-formed  and  cloudy  pre- 
cipitate, which  indicates  the  formation  of  the  compound  of  urea  and 
mercury,  and  the  completion  of  the  analysis. 

The  solution  of  mercury  must  not  be  too  concentrated ;  if,  for 
example,  7*8  C.  C.  of  the  solution  of  mercury  have  been  used,  it  will 
be  found,  that  it  is  too  concentrated  to  give  accurate  results.  It  must, 
therefore,  be  diluted  with  an  equal  volume  of  water,  and  the  test 
applied  a  second  time.  If  we  now  find,  that  15*5  C.  C.  of  the  solu- 
tion of  mercury  are  necessary  to  produce  the  cloudiness  desired  in 
10  C.  C.  of  the  solution  of  chloride  of  sodium  and  urea,  we  must  add 
to  every  155  C.  C.  of  solution  of  mercury 

45  C.  C.  of  water, 

whereby  we  obtain  200  C.  C.  of  a  solution,  of  which  20  C.  C.  indicate 
exactly  200  milligrammes  of  chloride  of  sodium,  or  1  C.  C.  10  milli- 
grammes of  chloride  of  sodium,  or  6*065  milligrammes  of  chlorine. 
A  counter-test  should  be  applied  to  show,  that  exactly  20  C.  C.  of  the 
solution  of  mercury  are  required  to  produce  a  distinct  cloudiness 
when  the  last  drop  of  it  is  added  to  the  above  10  C.  C.  of  normal 
solution  of  chloride  of  sodium  (=  0*200  gramme).     The  degree  of 
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this  cloudiness  must  be  carefully  noted,  otlierwise,  in  the  quantita- 
tive analysis  of  the  urine  the  solution  of  mercury  may  be  added,  so  as 
at  one  time  to  produce  a  considerable  degree  of  cloudiness,  and  at 
another  time  only  a  slight  cloudiness;  and  hence  give  rise  to  error 
in  the  calculation.  By  a  little  practice,  however,  the  exact  degree  of 
cloudiness  required  is  learnt. 

It  must  be  observed,  that  the  compound  of  urea  and  mer- 
cury is  somewhat  more  soluble  in  dilute  nitric  acid  than  in  pure 
.water,  and  again  more  soluble  in  water  than  in  a  solution  of  nitrate 
)f  urea.  As  then  the  urine  contains  more  of  urea  than  what  corre- 
sponds with  the  quantity  of  graduated  solution  of  chloride  of  sodium 
diich  had  been  added,  nitrate  of  urea  is  formed  in  consequence  of 
litric  acid  being  set  free ;  and  the  solubility  of  the  compound  of 

i:ea  and  mercury  is  thereby  lessened.     Consequently,  in  graduating 
|»he  solution  of  mercury  with  the  solution  of  normal  chloride  of 
)dium,  which  contains  no  foreign  salts,  and  only  a  small  quantity 
)f  urea,  we  must  add  a  slight  excess,  because  the  first  traces  of  the 
)recipitate  are  dissolved  by  the  nitric  acid  which  has  been  set  free, 
i^or  this  purpose  in  the  graduation  of  the  solution  of  mercury  we 
add  to  the  solution  of  chloride  of  sodium  5  C.  C.  of  a  saturated  solu- 
tion of  sulphate  of  soda,  whereby  acid  sulphate  of  soda  is  formed. 
This  salt  of  soda,  like  the  nitrate  of  urea  which  is  formed  in  the  urine 
during  the  graduation-process,  lessens  the  solubility  of  the  mercury 
and  urea  compound,  and  thus  diminishes  the  error  which  might 
otherwise  arise. 

4.  Solution  of  baryta. — This  is  prepared  by  the  admixture  of  one 
volume  of  a  cold  saturated  solution  of  nitrate  of  baryta  with  two 
volumes  of  an  equally  cold  saturated  solution  of  baryta. 

c.  Process. — In  order  to  determine  the  quantity  of  chloride  of 
sodium  in  the  urine,  the  phosphates  contained  in  it  must  be  first 
of  all  removed;  and  this  is  accomplished  by  the  baryta-solution 
(4).  Of  this  solution  20  C.  C.  are  mixed  with  40  0.  C.  of  urine,  and 
the  preci})itate  removed  by  filtration — the  filter  not  being  previously 
moistened.  If  the  filtrate  is  alkaline,  it  must  be  carefully  saturated 
with  nitric  acid,  until  in  fact  the  fluid  shows  signs  of  a  very  feeble 
acid  reaction.  An  excess  of  nitric  acid  materially  interferes  with 
the  results. 

Eor  experimental  purposes,  15  C.  C.  of  this  fluid,  which  correspond 
with  10  C.  C.  of  urine,  are  measured  off  by  a  pipette,  which  contains 
exactly  this  volume  without  any  subdivisional  measuring,  and  the 


174  METHOD  WITH  NITRATE  OF  SILVER. 

fluid  is  run  off  into  a  beaker-glass.  The  standard  solution  of  mercury 
(3)  is  then  added  to  it  from  Mohr's  pipette,  or  from  a  burette,  until 
the  distinct  permanent  cloudiness  appears.  When  this  point  is  at- 
tained, the  number  of  cubic-centimetres  employed  is  read  off.  Each 
cubic  centimetre  corresponds  with  10  milligrammes  (O'OIO)  of  chlo- 
ride of  sodium,  or  6.065  milligrammes  of  chlorine;  and,  in  this 
way  may  be  calculated  the  whole  quantity  of  chlorine  contained  in 
the  urine. 

Example : — 

15  C.  C.  of  the  above  mixture  =  10  C.  C.  of  urine  required,  for  the 
production  of  the  proper  permanent  cloudiness,  15  C.  C.  of  the  solu- 
tion of  mercury,  which  correspond  with  150  milligrammes  (0-150) 
of  chloride  of  sodium  in  10  C.  C.  of  urine.  1000  C.  C,  therefore, 
contain  15*00  grammes. 

Eor  the  modification  of  this  process,  required  when  albumen  is 
present  in  the  urine,  see  Urea.    (Section  lx.  d.) 

The  Method  with  Nitrate  of  Silver. 

A.  Theory. — The  principle  of  this  method  is  readily  explained.  A 
graduated  solution  of  nitrate  of  silver  is  added  to  the  urine  after  it  has 
been  filtered  and  rendered  acid  with  nitric  acid,  so  long  as  a  precipitate 
is  formed  by  it;  it  is,  however,  difficult  without  filtration,  which  renders 
the  operation  somewhat  inconvenient  and  inexact,  to  hit  the  exact 
point  of  saturation.  Mohr,  consequently,  in  the  preparation  of  fluids 
containing  chlorine,  first  of  all  adds  to  them  a  few  drops  of  a  solution 
of  neutral  chromate  of  potash,  and  then  conducts  the  analysis  in  the 
ordinary  way.  The  exact  moment  of  the  completion  of  the  reaction 
is  beautifully  and  distinctly  shown,  through  this  modification  of  the 
process ;  for  as  soon  as  the  whole  of  the  chlorine  is  thrown  down  by 
the  solution  of  silver,  the  next  drop  of  it  which  is  added  produces  a 
beautiful  red  precipitate  of  chromate  of  silver.  This  plan,  however, 
requires  that  the  fluids  operated  upon  shall  be  neutral,  or  at  most  only 
very  slightly  alkaline ;  but  under  no  conditions  must  any  free  acid  be 
present,  on  account  of  the  ready  solubility  of  the  chromate  of  silver. 

This  method,  however  excellent  in  the  case  of  fluids  contain- 
ing merely  chlorides,  may  mislead  when  used  in  the  analysis  of 
urine,  on  account  of  its  requiring  a  neutral  reaction  of  the  urine. 
Several  comparative  experiments,  instituted  first  by  Liebig's  me- 
thod, then  by  Mohr's,  and  finally  by  the  process  of  weighing,  in- 
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variably  afforded,  when  performed  by  volumetrical  analysis  with 
the  solution  of  silver  after  addition  of  chromate  of  potash,  too 
high  a  result.  The  cause  of  this  is  easily  explained.  When  the 
analysis  has  been  accurately  concluded  according  to  Mohr's  method, 
it  will  be  found,  that  if  (in  order  to  decompose  the  chromate  of  silver 
which  is  formed)  a  solution  of  chloride  of  sodium  be  added  in  drops 
until  the  colour  of  the  urine  has  become  a  clear  yellow,  the  precipi- 
tate which  is  formed  does  not  consist  of  pure  chloride  of  silver.  If 
this  precipitate  be  filtered  under  exclusion  of  light,  and  after  washing 
be  treated  with  cold  dilute  nitric  acid,  it  will  impart  a  colour  to  the 
acid ;  and  an  appreciable  quantity  of  silver  will  be  shown  by  means 
of  hydrochloric  acid,  in  the  filtrate. 

There  is  no  doubt  that,  in  a  neutral  fluid,  oxide  of  silver  is 
precipitated  by  the  colouring  and  extractive  matters,  as  well  as  by 
the  uric  acid ;  and  hence,  necessarily  results  an  incorrectness  in  the 
method  referred  to.  The  phosphoric  acid  does  not  interfere  with 
the  results,  because  chromate  of  silver  forms  before  phosphate 
(Compare  Section  xi.  5).    (Analytical  Examples.) 

The  colouring  and  extractive  matters,  &c.,  modify  the  results  even 
in  an  acid  solution.  I  therefore  prefer,  according  to  Mohr''s  pro- 
posal, to  destroy  these  matters  by  evaporation  of  the  urine,  with 
addition  of  a  little  pure  saltpetre,  and  subjecting  the  residue  to  a 
gentle  red-heat. 

B.  Preparation  of  the  solutions, — 1.  Standard  solution  of  nitrate 
of  silver. — This  solution  must  contain  18'463  grammes  of  silver 
in  a  litre,  so  that  1  C.  C.  of  it  corresponds  with  10  milhgrammes 
of  chloride  of  sodium,  or  with  6'065  milligrammes  of  chlorine.  Por 
this  purpose  18*463  grammes  of  chemically  pure  nitrate  of  silver 
are  dissolved  in  nitric  acid,  the  solution  evaporated  to  dryness  in 
a  water-bath,  and  heated  until  all  the  free  nitric  acid  is  driven  off; 
the  residue  is  then  treated  with  distilled  water,  and  the  solution 
thus  obtained  diluted  up  to  a  litre.  If  chemically  pure  fused 
nitrate  of  silver  is  employed,  aU  that  is  required  is  to  weigh  and 
dissolve  29'063  grammes  of  it  in  water,  and  dilute  it  up  to  a 
litre. 

2.  A  cold  saturated  solution  of  neutral  chromate  of  potash. 

c.  Process. — Prom  1  to  2  grammes  of  nitrate  of  potash  free  from 
chlorides,  are  added  to  from  5  to  1 0  C.  C.  of  urine,  in  a  small 
platinum  capsule,  and  evaporated  to  dryness  in  a  water-bath.  The 
residue  is  then  gently  heated  over  a  naked  flame,  the  heat  being 
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gradually  increased  until  the  carbon  is  completely  oxidised,  and  the 
residue  converted  into  a  fused  white  saline  mass.  In  this  way  the 
operation  is  safely  conducted,  and  the  deflagration  moderated.  The 
white  mass  is  then  dissolved  in  a  little  water,  the  solution  poured 
into  a  beaker-glass,  and  the  platinum  capsule  carefully  washed  with 
a  spirt-bottle.  To  this  alkaline  fluid  very  dilute  pure  nitric  acid 
is  added  drop  by  drop  until  it  has  become  slightly  acid.  The  acid 
reaction  is  then  again  removed  by  the  addition  of  a  little  precipitated 
carbonate  of  lime.  The  excess  of  carbonate  of  lime  is  not  removed 
by  filtration,  for  it  in  no  way  interferes  with  the  final  results  of  the 
volumetrical  analysis. 

Erom  4  to  5  drops  of  the  chromate  of  potash-solution  are  then  added 
to  the  mixture,  and  the  neutral  solution  of  silver  dropped  into  it, 
under  constant  stirring,  until  a  distinctly  reddish  permanent  shade 
is  produced.  This  reaction  is  very  beautiful.  The  fluid,  which  is  at 
first  of  a  light  canary-yellow  colour,  exhibits  at  those  points  where 
the  silver-solution  falls  reddish  spots,  which  disappear  when  the  fluid  is 
shaken,  so  long  as  any  chloride  of  sodium  is  present  in  it.  Whenever 
the  whole  of  the  chloride  of  sodium  is  decomposed  by  the  solution  of 
silver,  the  next  drop  of  the  solution  which  is  added  produces  a  per- 
manent red-colour  of  chromate  of  silver,  and  indicates  the  conclusion 
of  the  operation. 

Each  cubic-centimetre  of  the  silver-solution,  which  has  been  used 
up  to  the  point  when  the  permanent  red-colour  appears,  indicates  the 
presence  of  10  milligrammes  of  chloride  of  sodium,  or  6*065  milli- 
grammes of  chlorine.  Thus,  for  example,  if  in  operating  upon  5 
C.  C.  of  urine  we  have  employed  5  C.  C.  of  the  silver- solution,  the 
5  C.  C.  of  urine  will  contain  50  milligrammes  of  chloride  of  sodium  ; 
and  1000  CO  of  it  10*0  grammes,  i.e.,  6 '065  grammes  of  chlo- 
rine. 

In  most  cases  Liebig's  method,  above  described,  which  is  by 
far  the  simplest,  answers  very  well.  In  many  abnormal  states  of  the 
urine,  however,  the  final  reaction  in  this  process  is  not  well  marked ; 
in  such  cases,  therefore,  we  should  use  the  second  process  de- 
scribed. 
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SECTION    LIX. 

APPENDIX. 

Liehig's  Method  for  Determination  of  the  Mercury, 

A.  Theory. — The  principle  upon  which  this  volumetrical  process 
founded  has  been  already  explained  under  the  head  of  Phosphate 

of  Soda  (Section  xiii.  b.  5).  We  there  found,,  that  a  precipitate  of 
phosphate  of  mercury,  provided  it  is  not  in  a  crystalline  condition, 
readily  re-dissolves  on  the  addition  of  chloride  of  sodium — corro- 
sive sublimate,  which  does  not  precipitate  phosphate  of  soda,  being 
formed.  One  equivalent  of  phosphate  of  mercury  requires  one 
equivalent  of  chloride  of  sodium  for  its  solution ;  consequently,  if  we 
know  the  quantity  of  chloride  of  sodium  in  the  solution  which  has 
been  used,  we  can  therefrom  readily  calculate  the  amount  of  oxide 
of  mercury  present. 

We  require  two  solutions  in  carrying  out  this  process. 

B.  Preparation  of  the  solutions. — 1.  Standard  Solution  of  Chlo- 
de  of  Sodium. — The  solution  of  chloride  of  sodium  required  for  the 
olumetrical  determination  of  the  oxide  of  mercury,  must  contain 

10*852  grammes  of  chloride  of  sodium  in  a  litre.  We  can,  there- 
fore, either  weigh  out  this  quantity  of  pure  fused  chloride  of  sodium, 
dissolve  it  in  water,  and  then  dilute  the  fluid  up  to  a  litre,  or,  more 
simply,  we  can  dilute  20  C.  C.  of  the  before-mentioned  (Section 
Lviii.,  B.  1)  cold  saturated  solution  of  chloride  of  sodium  (contain- 
ing 6'368  grammes),  up  to  586'8  C.  C.  In  either  case  we  obtain  a 
standard  solution,  which  contains  0*010852  gramme  of  chloride  of 
sodium  in  every  cubic  centimetre  corresponding  with  0*020  gramme 
of  oxide  of  mercury.  Thus,  every  cubic  centimetre  used  in  the 
analysis  indicates  20  milligrammes  of  oxide  of  mercury. 

2.  A  cold  saturated  Solution  of  Phosphate  of  Soda. — This  solution 
is  prepared  by  pouring  cold  water  over  pure  officinal  phosphate  of 
soda,  and  allowing  it  to  stand  (shaking  at  intervals)  during  twenty- 
four  hours. 

c.  Process. — It  is  necessary  in  this  process,  that  the  solution  of 
mercury  should  not  be  too  concentrated,  partly  on  account  of  the 
exactitude  of  the  calculation  required  in  measuring,  and  partly 
because  the  completion  of  the  reaction  is  more  distinctly  marked 
in  a  dilute  than  in  a  concentrated  fluid.     The  solution  of  mercury 
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used  as  a  test,  should  not  therefore  contain  more  than  from  180 
to  200  milligrammes  of  the  oxide  in  10  C.  C. 

The  following  preliminary  experiment  may  be  made.  IOC.  C.  of 
the  normal  solution  of  chloride  of  sodium  are  measured  off,  and  4 
C.  C.  of  the  saturated  solution  of  phosphate  of  soda  added  thereto. 
Into  this  mixture  the  solution  of  mercury  to  be  tested  is  dropped, 
until  a  permanent  cloudiness  is  produced. 

If  about  5  C.  C.  of  the  solution  of  mercury  have  been  used  in 
this  process,  the  solution  is  too  concentrated;  it  contains  200  milli- 
grammes of  the  oxide,  i.  e.,  400  milligrammes  in  10  C.  C.  We  must, 
therefore,  dilute  it  with  an  equal  volume  of  water  before  employing 
it  as  a  test. 

Erom  the  solution  of  mercury  thus  diluted,  10  C.  C.  are  measured 
off,  and  4  C.  C.  of  the  solution  of  phosphate  of  soda  added  to  them 
in  a  beaker-glass.  The  solution  of  chloride  of  sodium  is  now  allowed 
at  first  to  flow  from  the  burette  into  the  mixture,  and  at  last  to  drop 
slowly  into  it,  until  the  precipitate  has  disappeared,  and  the  fluid  has 
again  become  perfectly  clear.  The  mixture  must  be  continually 
stirred  while  the  solution  is  being  added. 

The  solution  of  chloride  of  sodium,  it  may  be  remarked,  must  be 
immediately  added,  for  if  the  precipitated  phosphate  of  mercury  is 
allowed  to  remain  only  a  few  minutes  in  the  fluid,  it  assumes  a 
crystalline  form,  and  then  ceases  to  be  soluble. 

Moreover,  the  solution  of  mercury  must  not  contain  too  much 
free  acid.  If,  after  the  addition  of  the  phosphate  of  soda,  it  should 
still  have  a  strongly  acid  reaction,  it  must  be  neutralised  with  a  few 
drops  of  solution  of  carbonate  of  soda,  so  that  basic  salt  is  pre- 
cipitated j  this  salt  is  then  re-dissolved  by  a  drop  or  two  of  nitric 
acid,  4  0.  C.  of  phosphate  of  soda  added  to  it,  and  the  volumetrical 
analysis,  with  the  chloride  of  sodium  solution,  then  proceeded  with 
as  before  described. 

It  is  manifest  that  a  slight  excess  of  the  solution  of  chloride  of 
sodium  must  be  added  in  order  to  re-dissolve  the  phosphate  of 
mercury;  and  that  consequently  the  actual  quantity  of  oxide  of 
mercury  is  thereby  increased.  If  we  operate  in  the  reverse  way,  by 
allowing  the  solution  of  mercury  to  flow  into  a  mixture  of  solution 
of  chloride  of  sodium  with  phosphate  of  soda,  we  must  always  add  a 
slight  excess  of  the  solution  of  mercury,  in  order  to  produce  the  pre- 
cipitate. Consequently,  in  this  last  experiment,  the  quantity  of 
mercury  falls  somewhat  too  low. 
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By  combining  these  two  methods  we  obtain  very  accurate  results. 
The  following  is,  therefore,  the  best  mode  of  proceeding : — 

(Method  1.)  10  C.  C.  of  the  mercury  solution  are  measured  off,  and 
5  C.  C.  of  the  solution  of  phosphate  of  soda  added  to  it.  To  this 
mixture  (and  without  waiting  until  the  precipitate  begins  to  crystal- 
Hse)  the  solution  of  chloride  of  sodium  is  slowly  added ;  and  we 
will  assume  that  for  the  purpose  required  12*5  C.  C.  of  it  are  used. 

(Method  2.)  12*5  C.  C.  of  the  same  solution  of  chloride  of 
sodium  are  accurately  measured  off,  4  C.  C.  of  phosphate  of  soda 
added  to  it,  and  the  same  solution  of  mercury  dropped  into  the 
mixture,  until  a  permanent  precipitate  appears. 

If  in  this  process  we  have  used,  for  example,  10'25  C.  C.  of  the 
mercury  solution,  we  obtain  by  the  following  calculation  the  exact 
amount  required. 

There  were  used  in — 

(Meth.  1.)  To  each  10-      C.  C.  of  the  solution  of  mercury  -   12-.5  C.  C.  of  the  solution  of 

chlor.  of  sodium. 
(Meth.  2.)  To  each  10.25  C.C.  do.  12-5  C.C.  do. 


20  23  C.  C.  of  the  solution  of  mercury  and  25*    C.C.  of  the  solution  of 

chlor.  of  mercury. 

Each  C.C.  of  chloride  of  sodium  solution  indicates  20  milli- 
grammes of  oxide  of  mercury  ;  consequently  the  25  C.C.  which  were 
employed  correspond  (20  X  25)  with  500  milligrammes  of  oxide  of 
mercury,  which  are  contained  in  20*25  C.  C.  of  the  dilute  solution 
of  mercury.  But  as  we  were  forced  to  dilute  this  solution  with  an 
equal  volume  of  water  before  using  it  as  a  test,  20*25  C.C.  of  it 
thus  diluted  will  correspond  with  10*125  C.  C.  of  the  original  solu- 
tion, which  contains  500  milligrammes  of  the  oxide. 


section  lx. 
The  Quantitative  Determination  of  Urea. 

A.  Theory. — By  adding  to  a  dilute  solution  of  urea  an  equally 
dilute  solution  of  nitrate  of  mercury,  and  neutraKsing  from  time  to 
time  the  free  acid  of  the  mixture  by  carbonate  of  soda,  we  obtain  a 
copious  white  ilocculent  precipitate,  which  is  insoluble  in  water. 
If  we  continue  to  add  alternately  the  solutions  of  mercury  and  of 
^fcarbonate  of  soda,  so  long  as  this  precipitate  is  formed,  a  point  is  at 
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length  reached  when  the  mixture  assumes,  on  the  addition  of  the 
carbonate  of  soda,  the  yellow-colour  of  hydrated  oxide  of  mercury, 
or  of  a  basic  salt.     The  fluid,  when  filtered,  does  not  contain  any 
appreciable  quantity  of  urea,  the  urea  having  been  precipitated  in 
combination  with  the  oxide  of  mercury.     The  precipitate  contains  ^ 
four  equivalents  of  oxide  of  mercury  to  one  equivalent  of  urea.    TyH 
yellow  colour  above  described,  as  caused  by  the  carbonate  of  sod^™' 
does  not  appear  until  one  volume  of  the  solution  of  mercury,  con- 
taining 77  parts  of  the  oxide,  has  been  added  to  every  10  parts  of 
urea  in  the  solution  of  urea ;  that  is,  four  equivalents  of  the  mercury 
to  one  equivalent  of  urea. 

When  only  so  much  of  the  solution  of  mercury  is  added  to  the  urea- 
solution  as  is  exactly  requisite  for  its  precipitation,  the  mixture, 
on  the  addition  of  the  carbonate  of  soda,  remains  white ;  but  if 
it  be  allowed  to  stand  a  few  hours,  the  precipitate  alters  its  character, 
and  assumes  a  crystalline  form;  and  when  this  happens,  the 
supernatant  fluid  yields  a  yellow  precipitate  with  alkalies.  The 
compound,  which  contains  4  atoms  of  oxide  of  mercury,  if 
allowed  to  stand  for  some  time  in  the  acid  solution,  is  reduced  to  a 
compound,  containing  less  of  the  oxide ;  or  in  other  words,  a  part 
of  the  oxide  of  mercury  again  passes  into  a  state  of  solution. 

In  order,  therefore,  to  hit  the  point  at  which  the  whole  of  the 
urea  is  precipitated,  i.e.,  when  the  exact  quantity  of  mercury- 
solution  necessary  for  the  production  of  the  compound,  containing 
four  atoms  of  oxide  of  mercury,  has  been  added,  neutralisation  with 
the  carbonate  of  soda  is  necessary.  We  may  be  sure,  for  example, 
that  free  urea  is  still  present  in  the  fluid,  so  long  as  a  drop  of  the 
mixture,  mixed  in  a  watch-glass  with  a  drop  of  solution  of  carbonate 
of  soda,  remains  white.  The  exact  point  of  addition  is  reached 
when  a  yellow  pellicle  is  formed  on  the  surface  of  the  two  drops 
mingled  together ;  or,  to  speak  more  correctly,  the  exact  point  is 
reached  and  just  overstepped.  Por  the  production  of  this  completion 
of  the  test,  however,  only  a  very  small  excess  of  the  oxide  of  mercury 
is  required. 

If  we  know  the  quantity  of  oxide  in  our  mercury-solution,  and 
have  also  ascertained  the  volume  of  the  solution,  which  is  required 
for  the  complete  precipitation  of  a  solution  of  urea  of  unknown 
quantity — i.e.,  which  must  be  added  until  the  yellow  colour  appears 
on  neutralising  a  drop  of  the  mixture  with  carbonate  of  soda — we 
can  calculate  the  quantity  of  urea  in  the  solution.     Or,  conversely, 
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if  a  certain  volume  of  the  mercury-solution  is  necessary  for  the  pre- 
cipitation of  a  known  quantity  of  urea^  for  example,  of  100  milli- 
grammes, a  similar  volume  of  the  mercury- solution  will  indicate  the 
presence  of  the  same  quantity  of  urea — 100  milligrammes — in  urea- 
solutions  of  unknown  strength. 

B.  Preparation  of  the  solutions, — 1.  Standard  Solution  of  Urea. — 
Four  grammes  of  pure  urea,  dried  at  100°  0.  (212°  Fahr.j,  are 
dissolved  in  water,  and  diluted  until  the  volume  of  the  fluid  equals 
exactly  200  C.C.  Of  this  solution,  10  C.C.  contain  exactly  200 
milligrammes  of  urea. 

2.  Solution  of  Nitrate  of  Mercury. — The  mercury-solution  used 
for  determining  the  urea  in  the  urine,  must  be  concentrated  so,  that 
20  C.  C.  of  it  exactly  sufiice  for  the  precipitation  of  the  urea  in  10 
C.C.  of  the  solution  (1),  which  contains  200  milligrammes  of  urea. 

Thus  1  C.  C.  of  the  mercury-solution  must  correspond  with 
10  milligrammes  of  urea;  it  must,  in  fact,  contain,  in  the  first 
place,  a  quantity  of  oxide  sufficient  to  form,  with  200  milli- 
grammes of  urea,  the  compound  containing  4  equivalents  of 
oxide  of  mercury ;  and,  besides  this,  the  small  excess  of  oxide,  which 
serves  to  indicate  the  complete  precipitation  of  the  urea ;  so  that, 
when  the  last  drop  of  the  20  C.C.  is  added  to  the  10  C.  C.  of 
urea-solution,  a  distinct  yellow  colour  shall  appear,  when  a  few 
drops  of  the  mixture  are  treated  with  carbonate  of  soda  in  a  watch- 
glass. 

Liebig  found,  in  operating  upon  100  milligrammes  of  urea,  which, 
according  to  calculation,  require  720  milligrammes  of  oxide  of 
mercury,  that  10  C.C.  of  the  mercury-solution  must  contain  772 
milligrammes  of  the  oxide,  in  order  to  produce,  even  in  dilute  fluids, 
a  distinct  reaction  of  the  carbonate  of  soda  on  the  mercury- solution. 
Consequently,  every  cubic  centimetre  of  the  solution  must  contain 
an  excess  of  5*2  milligrammes  of  oxide  of  mercury;  and  a  litre, 
altogether,  77*2  grammes  of  oxide,  or  71*48  of  pure  mercury. 

a.  Preparation  from  Pure  Mercury. — If  the  operator  possesses 
chemically  pure  mercury,  he  weighs  out  into  a  beaker-glass  71*48 
grammes  of  it,  and  then  dissolves  it  in  pure  nitric  acid.  When 
the  solution  is  complete,  it  is  heated,  and  nitric  acid  continually 
added,  so  long  as  any  trace  of  nitrous  acid  vapour  is  given  off, 
i.  e.  until  the  suboxide  is  wholly  converted  into  oxide.  It  is  then 
evaporated  to  the  consistence  of  syrup  in  the  same  glass.  The 
nitrate  of  mercury  thus  obtained  is   then   diluted  with  water  up 
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to  exactly  one  litre.  If  during  this  process  any  basic  salt  is 
separated,  it  is  allowed  to  subside.  The  clear  fluid  is  then  de- 
canted off,  and  the  precipitate  re-dissolved  by  one  or  two  drops 
of  nitric  acid.  The  correctness  of  the  solution  thus  obtained  must 
now  be  tested  in  the  manner  already  described. 

h.  Preparation  from  Oxide  of  Mercury. — Pure  oxide  of  mercury 
best  serves  for  the  preparation  of  the  mercury-solution;  it  may 
be  readily  obtained  by  heating  in  a  porcelain  basin  subnitrate 
of  mercury,  which  has  been  several  times  crystallised.  Com- 
mercial oxide  of  mercury,  however,  may  be  obtained  sufficiently 
pure  for  the  purpose ;  so  high  a  degree  of  purity  of  the  mercury 
not  being  required  for  the  determination  of  the  urea,  as  is  requisite 
for  the  determination  of  the  chlorine.  An  oxide  of  mercury  which 
leaves  no  visible  residue  when  heated  on  platina  foil,  is  fitted  for  the 
purpose.  Of  this  oxide  77-2  grammes,  dried  at  100°  C.  (212° 
Fahr.),  are  taken  by  weight,  dissolved  under  a  gentle  heat  with 
the  smallest  possible  quantity  of  nitric  acid  in  a  porcelain  basin, 
evaporated  to  a  syrup,  and  then  diluted  up  to  a  litre.  Should  any 
basic  salt  separate,  a  few  drops  of  nitric  acid  are  dropped  into  it 
until  the  precipitate  re- dissolves. 

c.  Preparation  from  subnitrate  of  Mercury. — If  the  operator 
possesses  no  chemically  pure  mercury,  he  must  make  a  crystalline 
preparation  of  subnitrate  of  mercury,  in  the  manner  described  under 
the  head  of  Chloride  of  Sodium  (Section  lviii.  b.  3,  a,)  and  convert 
this  into  oxide  by  nitric  acid. 

The  quantity  of  oxide  of  mercury  contained  in  this  solution  is  ne- 
cessarily uncertain,  and  must,  therefore,  be  determined.  Eor  this  pur- 
pose the  volumetrical  method,  before  described  (Section  lix.)  may  be 
employed.  The  best  way  to  proceed  is  to  dilute  10  C.  C.  of  the  con- 
centrated solution  of  mercury  with  five-  or  ten-times  their  volume  of 
water,  according  to  the  degree  of  concentration,  and  then  to  ascertain, 
approximatively,  the  quantity  of  oxide  in  10  C.  C.  of  this  diluted 
solution,  by  the  aid  of  phosphate  of  soda,  and  the  standard  solution 
of  chloride  of  sodium  (Section  lix.)  . 

If,  for  example,  18*5  C.  C.  of  the  solution  of  chloride  of 
sodium  are  used  to  10  C.  C.  of  the  five-times  diluted  solution,  the 
quantity  of  water  added  is  readily  reckoned. 

If  3 8 '6  C.  C.  of  solution  of  chloride  of  sodium — corresponding 
with  (20  X  38*6)  =  772  milligrammes  of  oxide  of  mercury — are 
used  to  10  C.  C.    of  the    undiluted   solution  of   mercury,    there 
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are  employed  5  x  18-5  =  92*5  C.  C.  of  chloride  of  sodium-solu- 
tion. 

If,  then,  10  G.  0.  of  the  concentrated  mercury-solution  require 
92*5  C.  C.  of  the  solution  of  chloride  of  sodium,  exactly  4-16  C.  C. 
of  it  will  be  required  for  38*6  C.  C.  of  solution  of  chloride  of  so- 
dium. Consequently,  in  416  C.  C  are  contained  77*2  grammes  of 
oxide  of  mercury,  which  is  exactly  the  quantity  that  one  litre  should 
contain.  We  have,  therefore,  only  to  dilute  416  C.  C.  of  the  con- 
centrated solution  up  to  one  litre,  in  order  to  obtain  a  solution,  of 
which  1  C.  C.  will  indicate  exactly  10  milligrammes  of  urea. 

It  is  better,  however,  not  to  add  the  whole  of  the  calculated 
quantity  of  water  at  once,  but,  first  of  all,  to  test  the  mixture  with 
the  urea-solution  (1.),  and  then  complete  the  operation.  This  is 
done  in  the  following  way  : — 

d.  Gradation  of  the  prepared  Solution  of  Mercury. — Exactly 
]  0  0.  C  of  the  urea-solution  (1)  are  measured  off  with  the  pipette, 
and  introduced  into  a  small  beaker-glass ;  the  approximatively  diluted 
mercury-solution  is  then  added  to  it,  guttatim,  until  a  few  drops 
of  the  mixture,  neutralised  on  a  watch-glass  with  carbonate  of  soda, 
yield  a  distinctly  yellow  colour. 

If,  up  to  this  point,  19-25  CO.,  for  example,  of  the  mercury- 
solution  have  been  used,  we  add  to  each  192*5  C.  C.  of  the  same,  7'5 
C.  C.  of  water,  and  thus  obtain  200  C.  C.  of  a  solution,  20  C.  C.  of 
which  will  precipitate  the  urea  from  exactly  10  C.  C.  of  the  urea- 
solution.  The  correctness  of  the  result  must  be  proved  by  a  second 
trial;  and  if  the  yellow  colour  becomes  distinct  after  the  use  of 
20  C.  C,  the  solution  may  be  used  for  the  determination  of  the 
quantity  of  urea  in  the  urine. 

3.  Solution  of  baryta. — This  solution  is  similar  to  that  which  is 
used  in  the  determination  of  chloride  of  sodium.  We  obtain  it  by 
mixing  one  volume  of  solution  of  nitrate  of  baryta  with  two  volumes 
of  caustic  baryta-solution,  both  prepared  by  cold  saturation. 

c.  Process. — In  order  by  this  process  to  determine  the  quantity 
of  urea  in  the  urine,  the  phosphoric  acid,  as  in  the  case  of  chloride 
of  sodium,  must  be  separated.  Yox  this  purpose,  40  C.  C.  of  the 
urine  are  measured  off  with  the  pipette,  and  mixed  with  20  C.  C.  of 
baryta-solution ;  the  precipitate  which  is  formed  is  then  separated 
by  filtration,  the  filter  not  being  previously  moistened.  15  C.  C. 
of  the  filtrate,  corresponding  with  exactly  10  C.  C.  of  urine,  are 
measured  out  for  each   analysis.      In   most   cases  one  volume  of 
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baryta-solution  suffices  for  the  separation  of  all  the  phosphoric  and 
sulphuric  acids  contained  in  two  volumes  of  urine,  a  little  of  the 
baryta  being  still  left  in  the  solution. 

If  the  urine  contains  alkaline  carbonates — which  may  be  in 
some  cases  represented  by  carbonate  of  ammonia,  derived  from 
decomposed  urea,  or  if  it  has  a  very  acid  reaction,  one  volume  of 
baryta-solution  will  not  suffice  for  two  volumes  of  urine ;  more  of 
it,  therefore,  must  be  employed.  When  three  volumes  of  baryta- 
solution  are  mixed  with  four  volumes  of  urine,  we  take  17 '5  C.  C. 
of  the  filtrate,  corresponding  with  10  C.  C.  of  urine;  with  equal 
volumes  of  baryta-solution  and  urine  we  take  for  the  test  20  C.  C, 
and  so  on. 

To  this  quantity  of  urine  thus  measured  out,  and  without  any 
previous  neutralising  (which  is  required  in  the  determination  of  the 
quantity  of  chloride  of  sodium)  the  graduated  mercury-soli^tion  is 
added  with  Mohr'^s  pipette,  the  mixture  being  constantly  stirred ;  when 
no  further  precipitation  or  turbidity  is  observed  to  follow  the  addi- 
tion of  the  solution,  the  test  may  be  applied.  For  this  purpose^  a 
few  drops  of  the  mixture  are  placed  by  means  of  a  glass-rod  upon  a 
watch-glass,  and  some  drops  of  carbonate  of  soda-solution  allowed 
to  run  down  upon  them  from  the  edge  of  the  glass,  to  effect  which 
Mohr's  caoutchouc  pipette  may  be  advantageously  employed.  If  the 
mixture  retains  for  some  seconds  its  white  colour,  it  still  contains 
free  urea.  More  of  the  mercury- solution  must,  therefore,  be  dropped 
into  it,  after  which  it  must  be  tested  again ;  and  this  is  to  be  repeated 
until,  on  a  renewal  of  the  test,  a  distinct  yellow  colour  appears  when 
the  carbonate  of  soda-solution  is  added  in  the  watch-glass. 

The  shade  of  yellow  must  be  similar  to  that  which  was  produced 
when  the  graduated  solution  of  mercury  was  originally  prepared.  If 
different  shades  of  yellow  are  admitted  in  the  testing,  error  must 
result.  A  little  practice  will  enable  the  observer  to  fix  upon  the 
true  shade  of  yellow. 

The  amount  of  the  urea  is  calculated  from  the  quantity  of  mer- 
cury-solution which  has  been  used.  Corrections,  however,  are 
necessary,  under  certain  circumstances,  and  of  these  we  may  notice 
the  following : — 

D.  Modifications  of  the  Process  and  Corrections  required  under 
certain  circumstances. — 1.  Urine  containing  more  than  %  p.  c.  of 
urea. — The  mercury-solution  is  graduated  for  a  solution  of  urea, 
which  contains  2  p.  c.  of  urea;   we  therefore  require  30  C.  C.  of 
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mercury-solution  for  the  complete  precipitation  of  the  urea  in  every 
15  CO.  of  the  urea-solution^  as  well  as  for  attaining  the  final 
reaction  with  carbonate  of  soda.  The  mixture  thus  mates  up  45 
C.  C.  and  contains  30  X  5*2  =156  milligrammes  of  free  oxide  of 
mercury;  consequently,  every  cubic  centimetre  contains  3 '47  milli- 
grammes. If  the  15  C.  C.  of  urea-solution  contain  4  per  cent,  of 
urea;  and  if  to  15  C.  C.  of  it  we  add  60  C.C.  of  mercury-solution, 
^we  have  a  mixture  consisting  of  75  C.  C,  in  which  are  contained 
10  X  5*2  =  312  milligrammes  of  free  oxide  of  mercury,  and, 
bherefore,  4*16  milligrammes  in  each  cubic  centimetre,  and  conse- 
quently, 0*69  milligramme  more  of  the  oxide  than  is  required  for 
the  final  reaction  with  carbonate  of  soda. 

It  is  therefore  clear,  that  in  the  analysis  of  urine,  an  error  will 
irise,  whenever  the  quantity  of  urea  exceeds  2  p.  c. — less  than  the 
true  quantity  of  urea  being  in  such  case  given.  If  the  urine,  as  in 
the  above  case,  contains  4  p.  c.  of  urea,  we  should  not  require  60, 
but  only  59*37  C.  C.  of  the  mercury -solution. 

This  error  is  avoided  if,  in  experimenting  on  15  C.  C.  of  urine,  and 
before  resorting  to  the  carbonate  of  soda-test,  we  add  to  the  mixture, 
for  the  number  of  cubic  centimetres  of  mercury-solution,  more  than 
30,  which  are  required  for  the  precipitation,  half  the  number  of 
cubic  centimetres  of  water.  If,  for  example,  we  use  50  CO.  of 
mercury- solution  to  15  C.  C.  of  urine,  that  is,  20  C.  C.  more  than 
30,  we  must  add  10  C.  0.  of  water,  before  resorting  to  the  carbonate 
of  soda  test. 

2.  Urine  containing  less  than  2  jo.  c.  of  Urea. — For  exactly  the 
same  reasons,  as  those  above  given,  we  must,  when  the  urine 
contains  only  1  per  cent,  of  urea,  add  to  each  15  C.  C.  of  the  urine, 
not  15  C.  C.  of  the  mercury-solution,  but  15*3  C.  C.  before 
we  reach  the  final  test  point.  In  consequence  of  this  source  of 
error  the  quantity  of  urea  obtained  is  too  great.  We  must,  there- 
fore, in  operating  upon  more  diluted  urine,  for  every  5  C.  C.  of  the 
mercury-solution,  less  than  30  C.  C.  which  is  used,  abstract  0*1  C.  C. 
from  the  total  sum  of  the  mercury- solution  employed.  Thus,  for  in- 
stance, if  we  have  employed  for  15  C.C.  of  urine  25  C.  C.  of  mercury- 
solution,  that  is  5  less  than  30.  CO.,  we  must  subtract  0*1  CO. 
for  these  5,  and  therefore  reckon  only  4'29  CO.  of  mercury- 
solution,  &c. 

3.  Urine  containing  Chloride  of  Sodium, — When  the  quantity  of 
chloride  of  sodium  in  the  urine  reaches  to  from  1  to  1^  per  cent. 
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it  interferes  with  the  calculation  of  the  urea  by  means  of  the 
nitrate  of  mercury.  Thus^  if  we  add  10  0.  C.  of  the  urea-solution 
to  20  C.  C.  of  the  mercury- solution,  we  shall  at  the  conclusion 
obtain  a  distinct  reaction  of  mercury  with  carbonate  of  soda. 
This,  however,  does  not  happen,  if  we  add  to  the  urea-solution 
100  to  200  milligrammes  of  chloride  of  sodium;  in  such  case, 
in  order  to  produce  the  reaction,  we  must  add  from  1|  to 
2i  C.  C.  more  of  the  mercury-solution.  The  calculation  of  urea 
thus  comes  out  from  15  to  25  milligrammes  too  high.  Exactly  the 
same  thing  occurs  in  urine,  which  contains  from  1  to  1^  per  cent,  of 
chloride  of  sodium.  This  phenomenon  depends  upon  the  formation 
of  corrosive  sublimate. 

Nitrate  of  mercury  and  chloride  of  sodium  decompose  each  other, 
forming  corrosive  sublimate  and  nitrate  of  soda;  corrosive  subli- 
mate, however,  does  not  precipitate  a  weak,  acid  solution  of  urea, 
but  remains  in  solution.  The  same  thing  happens  in  the  deter- 
mination of  urea  in  the  urine :  the  excess  of  oxide  of  mercury, 
which  should  yield  the  yellow  colour  on  the  addition  of  carbonate  of 
soda,  exists,  under  the  circumstances  supposed,  not  in  the  form  of  a 
nitrate,  but  of  corrosive  sublimate,  together  with  free  nitric  acid.  If, 
under  such  conditions,  carbonate  of  soda  is  added  to  the  mixture,  bi- 
carbonate of  soda,  which  does  not  throw  down  the  sublimate,  is 
formed  by  the  action  of  the  free  nitric  acid.  Consequently,  the 
reaction  does  not  take  place,  and  we  must  add  more  nitrate  of  mer- 
cury in  order  to  produce  it.  If  the  mixture  contains  a  larger 
quantity  of  chloride  of  sodium  than  1  to  11  per  cent.,  the  quantity  of 
sublimate  formed  will  also  be  increased ;  so  that,  on  the  addition  of 
carbonate  of  soda,  the  carbonic  acid  which  is  set  free  not  being  able 
to  prevent  the  precipitation  of  the  whole  of  the  oxide  of  mercury,  a 
brownish-yellow  precipitate  appears.  This,  according  to  Liebig,  is 
the  reason,  why  the  indication  of  the  complete  precipitation  of  the 
urea  is  interfered  with  by  the  presence  of  a  certain  quantity  of 
chloride  of  sodium  (1  to  11  per  cent.),  and  why  the  limit  of  the  reaction 
is  not  extended  when  the  quantity  of  chloride  of  sodium  is  still 
more  increased. 

If,  then,  the  urine  contains  from  1  to  1|  per  cent,  of  chloride  of 
sodium,  w^e  must,  in  order  to  asertain  the  exact  number  of  milli- 
grammes of  urea  in  10  C.  C.  of  urine,  subtract  2  C.  C.  from  the 
number  of  cubic  centimetres  of  the  mercury-solution  which  have 
been  used,  and  only  calculate  the  quantity  of  urea  from  the  re- 


OF  THE  PROCESS.  187 

mainder.  The  results  thus  obtained  will  be  found  correct  and 
comparative. 

If,  however,  we  wish  to  learn  the  absolute  quantity  of  urea  in 
the  urine,  we  must,  first  of  all,  separate  the  chlorine.  Eor  this  pur- 
pose we  may  use  a  silver- solution  of  known  strength,  1  C.  C.  of 
which  exactly  corresponds  with  10  milligrammes  of  chloride  of 
sodium,  just  as  the  mercury-solution  in  the  calculation  of  the  chloride 
of  sodium. 

Such  a  silver- solution  may  be   obtained  by   dissolving   11'601 

ammes  of  fused  nitrate  of  silver  in  water,  and  then  diluting  the 

ixture  up  to  400  C.  C.  1  C.  C.  of  this  corresponds  with  10 
milligrammes  of  chloride  of  sodium.  The  execution  of  the  process 
is  then  as  follows : — 

In  15  C.  C.  of  urine,  which  has  been  precipitated  by  the  baryta - 
solution,  and  which,  therefore,  correspond  with  10  C.  C.  of  the  original 
urine,  we  ascertain  the  quantity  of  chloride  of  sodium  by  means  of  t^j 
mercury-solution  (See  Section  lyiii.).  If,  for  example,  we  have  used 
17  "5  C.  C.  in  producing  a  permanent  cloudiness,  the  quantity  used  in- 
dicates 175  milligrammes  of  chloride  of  sodium,  which  will  there- 
fore be  completely  precipitated  by  the  corresponding  silver- solution. 
We  now,  by  means  of  the  pipette,  measure  ofP  30  C.  C.  of  the  same 
urine-mixture,  and  by  the  addition  of  a  drop  of  nitric  acid,  give  it  a 
weak,  but  still  a  distinctly  acid  reaction ;  and  then  mix  with  this 
volume  2  X  17-5  C.  C.  =  35  C.  C.  of  the  silver-solution.  The 
total  volume  of  the  mixture  will  therefore  equal  65  C.  C.  The 
chloride  of  silver  which  is  formed  is  separated  by  filtration,  and  one- 
half  of  the  mixed  fluid — that  is  32-5  C.  C. — is  then  subtracted  from 
the  filtrate,  which  contains  10  C.  C.  of  urine. 

The  urea  in  this  quantity  may  now  be  determined  in  the  usual  way 
with  the  standard  mercury- solution,  due  regard  being  paid  to  the 
dilution  consequent  on  the  addition  of  the  silver- solution  (d.  2). 

4.  Urine  containing  Albumen, — If  the  urine  contains  albumen, 
neither  the  urea  nor  the  chloride  of  sodium  can  be  determined 
directly  in  the  manner  above  described,  until  the  albumen  has  been 
previously  separated.  The  following  modification  of  the  ordinary 
process  is,  therefore,  required. 

From  100  to  200  C.  C.  of  the  urine  are  heated  in  a  closed  glass 
in  a  water-bath,  until  the  albumen  in  it  is  completely  coagulated, 
and  has  separated  in  thick  flocculi  so  as  to  leave  the  urine  clear. 
If  the  thick  flocculi  of  albumen  should  not  form  on  account  of  a 
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want  of  free  acid  in  the  urine,  acetic  acid  is  carefully  dropped  into 
the  urine,  while  still  hot,  to  produce  them.  Half-an-hour's  exposure 
to  heat  is  enough.  The  fluid,  with  the  albuminous  coagulum,  is  well- 
covered  up,  and  filtered  when  cold,  and  the  clear  filtrate  employed 
for  the  determination  of  the  chlorine,  urea,  phosphoric  acid,  &c. 

5.  Urine  containing  Carhonate  of  Ammonia. — As  the  carbonate 
of  ammonia  which  is  met  with  in  the  urine  depends  upon  the 
decomposition  of  urea,  it  may  under  certain  circumstances  be  inte- 
resting, to  determine  the  quantity  of  urea  which  corresponds  with 
the  carbonate  of  ammonia.  Liebig  found,  that  even  fetid  am- 
moniacal  urine,  provided  the  decomposition  had  not  advanced 
too  far,  often  gave  the  same  results  as  fresh  urine.  If  nitrate 
of  mercury  causes  in  urine  of  this  kind  a  precipitate,  contain- 
ing 2  equivalents  of  oxide  of  mercury  for  1  equivalent  of  am- 
monia, it  follows  that  the  same  quantity  of  oxide  of  mercury  is 
::*^quired  for  decomposed  as  for  undecomposed  urea,  because  urea, 
durixvg  decomposition,  gives  off  2  equivalents  of  ammonia  (1  equiva- 
lent of  urea  to  4  equivalents  of  oxide  of  mercury) .  Experiment,  how- 
ever, shows  that  this  relation  is  not  invariable,  and  that  in  fact  a  greater 
quantity  of  the  mercury-solution  is  frequently  employed.  If,  there- 
fore, accurate  results  are  required,  the  quantity  of  ammonia  and  urea 
must  be  separately  determined,  and  the  first  calculated  as  urea. 
Por  this  purpose  two  methods  may  be  employed  : — 

A  certain  quantity  of  urine  is  precipitated  with  baryta-solu- 
tion, and  a  portion  of  the  solution,  corresponding  with  10  C.  C.  of 
urine,  heated  in  a  water-bath  until  ammonia  is  driven  off.  The  urea 
is  then  calculated  in  the  ordinary  way.  In  a  second  portion  of  the 
urine,  which  has  not  been  treated  with  baryta- solution,  the  volume 
of  ammonia  is  volumetrically  determined  by  standard  sulphuric  acid, 
each  cubic  centimetre  of  which  corresponds  with  11'32  milligrammes 
of  ammonia,  or  20  milligrammes  of  urea.  (500  C.  C.  of  such  an 
acid,  therefore,  contains  16-333  HO,  S  O3.) 

A  certain  quantity  of  the  urine,  which  has  been  treated  with 
baryta-solution,  is  subjected  to  distillation,  and  the  ammonia  which 
passes  over  received  in  a  known  volume  of  standard  sulphuric  acid. 
By  means  of  a  soda-solution,  which  corresponds  with  the  sulphuric 
acid,  the  remainder  of  the  unsaturated  acid  is  ascertained ;  and  the 
number  of  saturated  cubic  centimetres  of  acid  thus  obtained,  are 
calculated  as  for  the  urea ;  1  C.  C.  of  sulphuric  acid  corresponding 
with  20  milligrammes  of  urea.     The  results  obtained  by  this  second 
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method  are  more  correct  than  by  the  first.     (Por  the  preparation  of 
the  sulphuric  acid  and  soda-solutions,  see  Section  lxx.) 

From  a  series  of  comparative  experiments  Kletzinskj  found, 
that  small  quantities  of  other  nitrogenous  bodies  are  precipitated 
from  the  urine  with  the  urea  by  nitrate  of  mercury ;  consequently 
the  quantity  of  urea  as  above  given  is  too  high.  These  unknown 
substances  may  be  separated  by  precipitation  with  sugar  of  lead,  and 
bheir  disturbing  influence  thus  removed.  They  amount  on  an  aver- 
age to  about  2  per  cent. ;  for  Kletzinsky  obtained,  as  the  mean  of 
lany  urea-calculations,  which  he  made  (on  one  occasion  after  the 
)rdinary  method,  and  at  another  by  the  above  process  of  precipita- 
aon  with  sugar  of  lead),  0*593  gramme,  instead  of  0*580  gramme 
>f  urea  in  10  C.  C.  of  urine.  The  error  is  so  trifling,  that  in  ordi- 
lary  urine-analyses  previous  precipitation  of  the  urine  with  sugar  of 
lead,  acidulated  with  acetic  acid,  may  be  omitted  as  superfluous, 
lese  substances  also  yield  ammonia  when  boiled  with  sulphuric 
acid,  and  thus  interfere  with  Eagsky  and  Eeintz^s  method  of  urea- 
calculation  {Prager  Vierteljahresschrift,  1855,  11,  page  83). 

Lastly,  I  must  remark,  that  allantoine  is  precipitated  by  nitrate 
of  mercury  just  as  is  urea.  The  method  above  described  will  therefore 
be  iacorrect,  when  the  urine  contains  allantoine.  Allantoine,  how- 
ever, has  never  yet  been  found  either  in  the  normal  or  abnormal 
urine  of  man,  even  when  uric  acid  has  been  ingested.  Professor 
Stadeler,  it  is  true,  states  that  he  has  found  allantoine  in  the  urine 
of  dogs  suffering  from  impeded  respiration.  More  marked,  although 
trifling,  is  the  error  occasioned  by  the  constant  presence  of  creatinine 
in  the  urine ;  for,  as  I  have  found,  this  compound  is  also  precipitated 
by  nitrate  of  mercury.  The  daily  quantity  of  creatinine  averages, 
under  normal  circumstances,  0"8  to  1  gramme. 

I  omit  the  two  admirable  methods  of  Bunsen  and  Eagsky  for 
the  quantitative  determination  of  the  urea,  for  their  processes  are 
both  difficult  and  tedious,  and  therefore  not  adapted  for  the  purposes 
of  the  practical  physician.  I  have  already  briefly  pointed  out  the 
principle  on  which  they  are  founded  (See  Sect,  ii.,  d.  2) ;  and  as 
regards  the  processes,  I  refer  the  reader  to  Gorup-Besanez  zooche- 
miscJie  Analyse,  pp.  269-271.  Annalen  d.  Chem.  u.  Pharm.  Bd.  56, 
pp.  29-34;  Bd.  65,  pp.  357-387. 

The  calculation  proposed  by  Millon  (Sect.  ii.  d.  3),  as  regards  the 
shortness  of  the  process,  stands  next  to  Liebig''s,  but  it  is  rendered 
unnecessary  by  Liebig^s  process. 
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section  lxi. 

Deteemination  of  the  Phosphoric  Acid. 

1.   With  Salts  of  Uranic  Oxide. 

A.  Theory. — A  precipitate  of  phosphate  of  uranic  oxide  is  imme- 
diately formed,  when  a  hot  solution  of  a  phosphatic  salt  which  is 
soluble  in  water  or  acetic  acid,  is  treated  with  a  solution  of  acetate 
or  nitrate  of  uranic  oxide  in  presence  of  free  acetic  acid.  If  the 
solution  contains  much  ammoniacal  salt,  the  precipitate  will  likewise 
contain  ammonia.  The  phosphate  of  uranic  oxide  thus  thrown 
down  contains  80*09  parts  of  uranic  oxide  to  19'91  parts  of  phos- 
phoric acid,  and  appears  as  a  whitish-yellow,  passing  even  into  a 
greenish,  precipitate ;  it  is  completely  insoluble  in  water  and  ace- 
tic acid,  but  soluble  in  mineral  acids.  The  exact  point  of  the 
completion  of  the  reaction  cannot  be  ascertained  in  the  fluid,  on 
account  of  the  slimy  character  of  the  precipitate,  and  of  the  slow- 
ness of  its  deposition ;  consequently,  in  order  to  determine,  whether 
or  not  the  whole  of  the  phosphoric  acid  is  precipitated,  a  small 
excess  of  uranic  oxide  must  be  added, — the  presence  of  this  salt 
being  readily  shown  by  the  highly  sensitive  reaction  of  the  salts  of 
uranic  oxide  with  ferrocyanide  of  potassium. 

2.  The  salts  of  uranic  oxide  yield,  with  ferrocyanide  of  potassium, 
a  reddish-brown  precipitate,  through  which  the  smallest  trace  of 
uranic  oxide  is  rendered  visible,  a  corresponding  degree  of  reddish- 
brown  colouring  being  thereby  imparted  to  the  fluid. 

Phosphate  of  uranic  oxide  once  thrown  down,  is  not  decomposed 
by  ferrocyanide  of  potassium  like  freshly-precipitated  per-phosphate 
of  iron;  consequently,  in  testing  for  an  excess  of  uranic  oxide,  a 
drop  of  the  mixture  can  be  added  to  the  ferrocyanide  of  potassium- 
solution.  The  mixture  remains  uncoloured,  if  no  free  uranic  oxide 
is  present ;  but  if  it  contains  the  slightest  excess  of  uranic  oxide, 
its  presence  is  at  once  distinctly  shown  by  a  corresponding  degree 
of  red-coloration  of  the  fluid.  Phosphate  of  uranic  oxide,  more- 
over, is  a  very  constant  compound,  and  does  not,  like  the  phos- 
phate of  iron,  pass  into  basic  combinations,  which  contain  an 
excess  of  the  salt  of  uranic  oxide.  Hence,  when  the  exact  point  of 
reaction  has  been  distinctly  obtained,  it  may  be  once  again  demon- 
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strated  (after  the  fluid  has  stood  even  for  a  day)  ;  whilst  in  volame- 
trical  analysis  with  per-chloride  of  iron,  the  point  of  reaction  cannot 
be  shown  again,  even  after  a  few  minutes,  and  consequently  this  pro- 
cess is  exceedingly  untrustworthy  and  erroneous. 

The  reaction  of  ferrocyanide  of  potassium  with  uranic  oxide  is 
not,  however,  so  sensitive  in  solutions  which  contain  acetate  of  soda, 
as  in  pure  aqueous  solutions.  This  is  readily  shown  by  taking 
50  C.  C.  of  water  and  50  C.  C.  of  a  solution  of  acetate  of  soda  con- 
taining 0*5  gramme  of  the  acetate,  and  1  gramme  of  free  acetic 
acid,  treating  them  with  0*2  C.  C.  of  the  same  solution  of  uranic 
oxide,  and  then  testing  with  ferrocyanide  of  potassium.  The  dis- 
tilled water  immediately  assumes  a  very  distinct  brown  colour, 
whilst  the  solution  of  acetate  of  soda  gives  a  much  feebler  reaction, 
the  fluid  becoming  only  gradually  of  a  deeper  colour.  No  reaction 
at  all  takes  place  on  the  first  application  of  the  test,  if  the  solu- 
tion contains  a  larger  quantity  of  acetate  of  soda;  but  after  some 
length  of  time  and  on  the  addition  of  a  further  quantity  of  the 
ferrocyanide  of  potassium,  the  reaction  appears. 

This  fact  is  of  great  importance.  According  as,  in  the  volume- 
ical  analysis  of  phosphoric  acids  by  salts  of  uranic  oxide,  sometimes 
more  and  sometimes  less  of  the  acetate  of  soda  is  added,  for  ex- 
ample, to  every  50  C.  C.  of  urine,  will  more  or  less  of  the  uranic 
oxide-solution  be  required,  for  an  equal  quantity  of  phosphoric  acid, 
in  order  to  attain  the  final  reaction-point  with  ferrocyanide  of  potas- 
sium. Hence  may  arise  an  error,  which  is,  however,  readily  avoided, 
by  always  taking  a  given  quantity  of  fluid  and  treating  it,  before 
the  volumetrical  analysis,  with  an  equal  quantity  of  acetate  of 
soda. 

B.  Preparation  of  the  solutions. — a.  Standard  PhospJwric  Acid- 
Solution, — This  solution  should  be  so  constituted  as  to  resemble 
the  urine  as  nearly  as  possible,  as  regards  its  phosphoric  acid 
contents;  50  C.  C.  of  it  should  contain  0*1  gramme  of  phosphoric 
acid.  It  may  be  readily  prepared  from  chemically  pure,  wtU- 
crystallised,  phosphate  of  soda,  which  has  not  undergone  efflo- 
rescence. The  pure  crystals  are  rubbed  down  as  fine  as  possible, 
dried  between  folds  of  bibulous  paper,  10*085  grammes  weighed 
and  dissolved  in  a  litre  of  water.  50  C.  C.  of  this  solution  contain 
exactly  0*1  gramme  of  phosphoric  acid. 

i.  Acetate  of  Soda- Solution. — I  have  satisfied  myself,  by  nume- 
rous experiments,  that  0*5  gramme  of  acetate  of  soda  is,  under  all 
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circumstances,  sufficient  for  50  C.  C.  of  urine.  Consequently,  100 
grammes  of  acetate  of  soda  are  dissolved  in  900  C.  C.  of  water, 
and  the  solution  brought  up  to  a  litre  by  the  addition  of  100  C.  C. 
of  concentrated  acetic  acid.  In  the  volumetrical  process  50  C.  C. 
of  urine  are  treated  with  5  C.  C.  of  this  acid  solution  of  acetate  of 
soda. 

c.  Solution  of  Uranic  Oxide. — Pure  commercial  uranic  oxide, 
or  yellow  carbonate  of  soda-uranic  oxide,  is  dissolved  in  pure 
acetic  acid,  free  from  all  empyreumatic  matters,  the  solution  diluted, 
and  its  strength  tested  with  the  standard  phosphate  of  soda-solution 
{a).  I  have  found  it  convenient  so  to  employ  the  uranic  oxide- 
solution,  as  that  1  C.  C.  of  it  should  precipitate,  and  indicate  the 
presence  of  only  0'005  gramme  of  phosphoric  acid.  50  C.  C.  of 
the  phosphoric  acid-solution  [a)  =  O'l  gramme  of  phosphoric  acid, 
would  consequently  require  exactly  20  C.  C.  of  the  uranic  oxide- 
solution  ;  this  solution,  therefore,  must,  in  the  first  place,  contain 
0*4023  gramme  of  uranic  oxide  for  the  precipitation  of  the  phos- 
phoric acid,  and,  secondly,  a  slight  excess  of  uranic  oxide  for  the 
indication  of  the  completion  of  the  reaction. 

Hence,  then,  50  C.  C.  of  phosphoric  acid  solution  [a)  (O'l  gramme 
phosphoric  acid)  are  measured  off  into  a  beaker-glass,  5  C.  C.  of  the 
acid  solution  of  acetate  of  soda  (li)  added,  and  the  mixture  heated 
in  a  water-bath  to  from  90°  to  100°  C.  (194°  to  212°  Fahr.). 
The  uranic  oxide  solution  is  next  added,  and  the  mixture  tested 
after  the  addition  of  each  \  C.  C.  to  see  whether  or  not  the  reaction- 
point  has  been  reached.  Por  this  purpose,  1  or  2  drops  of  the 
mixture  are  allowed  to  spread  over  a  white  porcelain  surface,  and  a 
little  drop  of  a  weak  yellowish  solution  of  ferrocyanide  of  potas- 
sium introduced,  by  means  of  a  small  glass  rod,  into  the  centre  of 
the  drop.  If  there  should  be  a  trace  merely  of  excess  of  the 
uranic  oxide  present,  a  reddish-brown  circlet  will  be  formed  at  the 
point  of  contact  of  the  drops.  This  inner  circlet  is  rendered  very 
distinct  by  the  surrounding  lightish  yellow-coloured  fluid. 

I  prefer  this  mode  of  testing  to  every  other.  When,  after  re- 
peated trials  and  additions  of  the  uranic  oxide-solution,  we  obtain 
some  slight  signs  of  the  completion  of  the  reaction,  we  again  apply 
the  heat  of  the  water-bath  for  a  few  minutes,  and  then  once  more 
repeat  the  test.  If  the  reaction  is  now  well  marked,  the  test  is 
complete. 

50  C.  C.  of  the  solution  of  phosphoric  acid  require  20  C.  C.  of 
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the  uranic  oxide-solution,  which  again  must  indicate  and  preci- 
pitate 5  milligrammes  of  phosphoric  acid.  If,  for  example,  we 
employ  18*0  C.  C.  of  the  uranic  oxide-solution  to  50  C.  C,  of 
phosphoric  acid-solution,  we  must  add  to  each  180  C.  C.  of  the  same 
20  C.  C.  of  water.  Tor  this  purpose  we  measure  off  1  litre  of 
the  uranic  oxide- solution,  and  add  to  it  the  quantity  of  water 
required.  In  the  case  supposed.  111 '2  C.  C.  of  water  must  be 
added  to  1000  C.  C.  of  uranic  oxide-solution  to  produce  the  re- 
quired degree  of  strength.  It  is  best,  however,  not  to  add  the 
whole  of  the  water  at  once,  but,  before  doing  so,  once  more  to  test 
a  portion  with  the  phosphoric  acid-solution,  and  then  to  complete 
the  uranic  oxide-solution. 

Thus,  if  we  have  a  second  time  used  19*8  C.  C.  of  uranic  oxide- 
solution  to  50  C.  C.  of  phosphoric  acid-solution  (0*1  gramme  phos- 
phoric acid),  we  add  to  each  198  C.  C.  of  the  same  2  C.  C.  of  water, 
and  make  a  new  and  final  test  with  the  phosphate  of  soda-solution. 

The  uranic  oxide-solution,  each  cubic  centimetre  of  which  precipi- 
tates 5  milligrammes  of  phosphoric  acid,  and  which  also  contains  a 
small  excess  of  uranic  oxide  for  the  final  reaction,  must  contain 
20*3  grammes  of  pure  uranic  oxide  in  a  litre.  (Equivalent^ of 
uranium  =  59*-i.) 

c.  Process. — a.  Determimation  of  the  entire  quantity  of  the  phos- 
jjhoric  acid  in  the  urine. 

1.  5  C.C.  of  the  acetate  of  soda-solution  are  added  to  50  C.C.  of 
filtered  urine  in  a  beaker- glass,  the  mixture  heated  in  a  water-bath, 
and  uranic  oxide-solution  dropped  into  it  from  a  Mohr^s  pipette, 
divided  into  tenths  of  centimetres.  As  soon  as  the  precipitation 
ceases,  which  may  be  pretty  clearly  observed,  if  the  uranic  oxide- 
solution  is  allowed  to  trickle  down  the  side  of  the  glass  without 
shaking  the  mixture,  we  proceed  to  the  testing.  One  or  two  drops 
of  the  mixture  are  placed  upon  a  white  porcelain  surface,  and  a  drop 
of  a  slightly  yellow- coloured  solution  of  ferrocyanide  of  potassium 
introduced  by  means  of  a  thin  glass  rod  into  the  middle  of  the 
spread-out  drop  of  the  mixture.  If  a  small  excess  of  uranic  oxide 
is  present,  a  little  island  of  a  reddish-brown  shade,  surrounded  by  a 
colourless  or  slightly  yellow-coloured  fluid,  will  be  distinctly  ob- 
served at  the  points  where  the  ferrocyanide  of  potassium-solution 
comes  in  contact  with  the  mixture.  When  a  weak  final  reaction 
appears,  the  mixture  is  again  heated  for  a  minute  or  two  in  a  water- 
bath,  and  again  tested ;  if  the  reaction  is  still  distinct,  if  the 
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obtained  corresponds  with  the  shade  of  colour  which  appeared  when 
the  uranic  oxide-solution  was  originally  prepared,  the  test  is  com- 
plete. 

In  other  cases  we  continue  the  addition  of  the  uranic  oxide- 
solution,  until  the  final  reaction  becomes  distinct  and  permanent. 
If,  however,  the  exact  point  of  final  reaction  has  been  exceeded  by 
the  addition  of  too  much  of  the  uranic  oxide- solution,  and  if  a  deep 
brown-colour  immediately  appears  on  the  application  of  the  test  of 
ferrocyanide  of  potassium,  we  add  to  the  mixture  (according  to  cir- 
cumstances) from  10  to  20  C.  C.  of  urine,  and  then  carefully  add 
the  uranic  oxide-solution,  until  the  proper  shade  of  colour  is  ob- 
tained. 

As  already  remarked,  the  action  of  ferrocyanide  of  potassium  on 
uranic  oxide  is  delayed  by  the  presence  of  acetate  of  soda ;  the  single 
tests,  therefore,  become  darker  and  darker,  which  might  be  a  source 
of  error  to  the  observer.  Under  all  circumstances  it  is  best  to  regard 
as  the  completion  of  the  process,  the  first  appearance  of  a  slight 
brownish  colour  in  the  middle,  which,  after  two  or  three  minutes 
further  heating  in  the  water-bath,  can  be  again  made  to  produce  the 
saicne  shade,  although  the  brown  colour  should  markedly  increase 
in  the  course  of  ten  to  fifteen  minutes. 

Pincus  and  Bodeker,  both  of  whom,  like  myself,  propose  the 
uranic  oxide  for  this  object,  conduct  the  process  in  the  cold.  I, 
however,  prefer  heating  the  fluid,  because  the  complete  separation  of 
the  phosphate  of  uranic  oxide  takes  place  much  more  rapidly  in 
the  hot  solution.  Thus  if  20  C.  C.  of  uranic  oxide-solution  have 
been  required  to  produce,  in  50  C.  C.  of  urine,  the  first  appearance 
of  a  weak,  but  under  heat  permanent  reaction,  the  50  C.  C.  will  contain 
0*100  gramme  of  phosphoric  acid,  which  may  be  readily  calculated 
for  the  whole  twenty-four  hours'  urine. 

2.  The  results  are  still  more  distinctly  marked,  if  the  whole  of 
the  phosphoric  acid  is  first  of  all  precipitated  from  the  urine  by 
magnesia-solution,  and  the  phosphoric  acid  estimated  in  the  manner 
above  described  from  the  washed  precipitate.  For  this  purpose,  50 
C.  C.  of  urine  are  precipitated  with  the  magnesia-mixture  (a  clear 
solution  of  sulphate  of  soda,  sal-ammmoniac,  and  ammonia),  and  the 
mixture  allowed  to  stand  for  some  hours.  The  ammonio-phosphate 
of  magnesia  is  collected  on  a  small  filter,  washed  with  ammoniacal 
water  (1  part  ammonia  and  3  parts  of  water),  and  the  precipi- 
tate then  washed  tlirough  the  broken  filter  into  a  beaker-glass. 
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After  heating  in  a  water-bath^  acetic  acid  is  added  in  drops  until 
solution  is  accomplished;  the  mixture  is  then  diluted  with  water 
up  to  50  CO.,  5  C.  C.  of  acetate  of  soda  are  added^  and  finally 
graduated  with  the  uranic  oxide-solution,  as  above  described. 

This  tedious  process  is  rarely  required,  for  the  results  are  usually 
very  satisfactory  in  direct  volumetrical  determination  of  the  urine. 
By  tliis  second  process  we  employ,  in  operating  upon  the  same 
le,  about  to  C.  C.  of  uranic  oxide-solution  less,  and  this  equals 
for  the  twenty-four  hours'  urine  of  1500  C.  C,  about  0*15  to  0*2 
jramme  of  phosphoric  acid. 

h.  Determination  of  the  phosjoJioric  acid  combined  with  the  earths. 

To  determine  the  quantity  of  phosphoric  acid  combined  with  the 

irths,  100   to  200   CO.    of  the  filtered  urine,   according  to  its 

legree  of  concentration,  are  treated  with  ammonia  until  alkaline 

taction  is  produced,  and  allowed  to  stand  twelve  hours.      The 

irthy  phosphates  separated  during  that  time  are  collected  on  a 

liter,  and  washed  with  ammoniacal  water, — one  part  of  ammonia  to 

tree  parts  of  water.     The  precipitate  is  then  washed  through  the 

>roken  filter  into  a  beaker-glass,  heated  and  dissolved  in  the  smallest 

possible  quantity  of  acetic  acid ;   and  the  mixture,  after  5  C.  C.  of 

the  acetate  of  soda-solution  have  been  added,  and  the  whole  volume 

increased  to  50  C.  C,  graduated  with  the  uranic  oxide-solution  after 

the  manner  described  {a). 

Example. — 50  C.  C.  require  for  the  determination  of  the  whole  of 
the  phosphoric  acid  of  the  urine,  18*4  C.  C.  of  uranic  oxide-solu- 
tion =  0*092  gramme  of  phosphoric  acid.  Thus,  in  1000  C.  C.  is 
contained  1*840  gramme.  For  the  determination  of  the  earths, 
combined  with  the  phosphoric  acid,  6  C.  C.  of  uranic  oxide-solu- 
tion =  0*03  gramme  of  phosphoric  acid,  are  employed  for  each  100 
C.  C.  of  urine.     Consequently,  0*300  gramme  in  1000  C.  C. 

Thus  the  urine  contains  : — 

a.  The  whole  of  the  phosphoric  acid         =1*840  gramme. 

b.  Phosphoric  acid  combined  with  earths  =:  0*300  gramme. 

c.  Phosphoric  acid  combined  with  alkalies  =  1*540  gramme. 
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section  lxii. 

Determination  of  the  Phosphoric  Acid  by  means  op 
Perchloride  of  Iron. 

A.  Theory. — A  solution  of  phosphate  of  soda,  which  contains  alsc 
both  acetate  of  soda  and  free  acetic  acid,  when  treated  with  a  dilute 
solution  of  perchloride  of  iron,  yields  a  voluminous  whitish-yellow 
precipitate  of  phosphate  of  iron,  containing  one  equivalent  of  oxide 
of  iron  to  one  equivalent  of  phosphoric  acid.  So  that,  if  we  add 
acetate  of  soda  to  a  solution  containing  an  unknown  quantity  of 
phosphoric  acid,  and  then  add  a  standard  solution  of  perchloride  of 
iron  until  the  whole  of  the  phosphoric  acid  is  thrown  down,  and  a 
trace  of  an  excess  of  the  iron  appears  in  the  mixture,  we  can  reckon 
the  quantity  of  phosphoric  acid,  by  taking  the  amount  of  iron- 
solution  employed.  One  equivalent  of  oxide  of  iron  throws  down 
one  equivalent  of  phosphoric  acid.  In  order,  therefore,  to  ascertain 
that  a  small  excess  of  the  perchloride  of  iron  has  been  added  to  the 
solution,  and  that  the  process  is  complete,  a  small  piece  of  filtering- 
paper,  moistened  with  a  solution  of  ferrocyanide  of  potassium,  is  laid 
upon  a  white  porcelain  plate  (or  on  a  piece  of  glass  placed  over 
white  paper) ;  another  piece  of  paper  is  then  placed  over  it,  and  a 
drop  of  the  mixture,  on  the  end  of  a  glass  rod,  pressed  on  the  surface 
of  this  second  paper.  If  the  mixture  contains  an  excess  of  the 
iron-solution,  a  blue  colour  will  appear  in  the  course  of  a  few 
seconds. 

It  must,  however,  be  observed,  that  the  precipitate  caused  by 
chloride  of  iron  in  a  fluid  containing  phosphoric  acid,  only  retains 
the  composition  above  given  (Peg  O3,  P  O5)  so  long  as  an  excess  of 
phosphoric  acid  is  present.  When  we  add  the  iron-solution  in  small 
excess,  we  shall,  during  the  first  few  seconds  afterwards,  obtain  the 
reaction  mentioned  with  the  ferrocyanide  of  potassium;  in  a  very 
short  time,  however,  the  reaction  disappears.  A  few  drops  of 
perchloride  of  iron  will  reproduce  it,  but  after  a  few  minutes  it  will 
disappear  for  a  second  time. 

Any  one  can  readily  satisfy  himself  of  the  fact  by  experiment. 
The  cause  of  it  is  this  :  the  precipitated  perphosphate  of  iron  decom- 
poses the  perchloride  of  iron  which  has  been  added  in  excess,  and  by 
taking  up  more  of  the  oxide  passes  into  a  more  basic  compound. 
We  must,  therefore,  watch  for  the  first  distinct  coloration  which 
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aj^pears,  and  regard  it  as  indicating  the  completion  of  the  process, 
even  though  it  disappears  after  a  time.  The  greater  the  quantity 
of  free  acetic  acid  which  the  mixture  contains,  the  more  slowly  does 
the  colour  disappear.  In  order,  therefore,  to  hit  the  exact  point  of 
completion  of  the  process,  these  facts  must  be  carefully  noted.  The 
perchloride  of  iron  added  in  excess  is  immediately  converted  into  per- 
acetate  of  iron  by  the  acetate  of  soda  which  is  present,  and  the  fluid 
in  consequence  usually  assumes  a  somewhat  darker  colour.  This 
process  is  not  nearly  so  delicate  as  that  with  the  salts  of  uranic  oxide. 

B.  Preparation  of  the  solutions. — a.  Standard  solution  of  per- 
chloride of  iron  is  obtained  by  dissolving  15  "5 5  6  grammes  of  chemi- 
cally pure  iron  (pianoforte  wire-strings)  in  pure  hydrochloric  acid, 
adding  a  little  nitric  acid.  The  mixture  is  then  carefully  evaporated 
to  dryness  in  a  water-bath,  in  order  to  drive  off  the  excess  of  hydro- 
chloric acid,  and  the  residue  (care  being  taken  to  prevent  any  loss 
of  it)  dissolved  in  water,  and  diluted  up  to  2000  C.  C.  1  C.  C.  of 
this  solution  exactly  corresponds  with  10  milligrammes  of  phos- 
phoric acid. 

Instead  of  this  solution  of  perchloride  of  iron,  one  of  unknown 
strength  may  be  used,  its  strength  being  ascertained  by  volumetrical 
analysis.  Por  this  purpose  we  prepare  a  solution  of  phosphate  of 
soda,  which  contains  in  50  C.  G.  exactly  O'l  gramme  of  phosphoric 
acid  (see  Section  lxi.,  b.  ^),  and  then  drop  into  it  the  chloride  of 
iron  solution,  to  which  10  C.  C.  of  the  acetate  of  soda-solution  {^) 
have  been  previously  added,  by  means  of  a  pipette,  until  it  is  found 
that  a  drop  of  the  mixture,  when  tested  as  above  described,  produces 
a  distinct  blue  colour  on  paper  moistened  with  a  solution  of  ferro- 
cyanide  of  potassium,  which  blue  colour,  after  three  or  four  minutes, 
may  be  again  recalled  without  any  further  addition  of  the  iron-solu- 
tion. The  quantity  of  the  iron-solution  employed  in  the  process 
up  to  this  point  corresponds  with  0*1  gramme  of  phosphoric  acid. 

This  method  is  preferable  in  every  way  to  the  former,  for  the 
error  occasioned  by  the  excess  of  the  iron  solution,  which  in  50  C.  C. 
of  urine  amounts  to  about  from  1*5  to  2  C.  G.  of  phosphoric  acid 
solution,  is  already  accounted  for  in  the  graduation  process,  and  con- 
sequently disappears  when  the  precise  quantity  is  calculated.  The 
degree  of  the  blue  colour  should  be  carefully  noted,  in  order  that 
the  same  relative  colour  of  the  mixture  may  be  always  obtained. 
The  perchloride  of  iron-solution  employed  must  be  absolutely  free 
from  protochloride  of  iron  and  hydrochloric  acid. 
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h.  Solution  of  acetate  of  soda. — After  making  numerous  experi- 
ments^ I  found  that  1  gramme  of  acetate  of  soda  must  be  added  for 
every  10  or  15  C.  C.  of  the  graduated  iron-solution,  provided  it  does 
not  contain  too  much  free  hydrochloric  acid.  We  must  therefore 
prepare  a  solution  of  20  grammes  of  crystallised  acetate  of  soda  in 
200  C.  C.  of  moderately  strong  acetic  acid;  10  C.  C.  of  this  solution 
contain  1  gramme  of  acetate  of  soda. 

c.  Process. — a.  Determination  of  the  whole  amount  of  phosphates. 
— 50  C.C.  of  the  urine  to  be  tested  are  measured  off  by  a  pipette  into 
a  beaker-glass,  and  mixed  with  10  C.  C.  of  the  acetate  of  soda  solu- 
tion. A  piece  of  filtering-paper  is  then  moistened  with  ferrocyanide 
of  potassium-solution,  and  spread  out  upon  a  white  porcelain  plate. 
The  standard  iron- solution  is  now  added  to  the  urine  by  drops  (the 
mixture  being  constantly  shaken,  and  frequently  tested),  in  order  to 
ascertain  when  the  process  is  complete,  and  a  small  excess  of  iron- 
solution  has  been  added.  The  test  should  be  applied  after  the 
addition  of  each  half  cubic  centimetre.  A  small  piece  of  filtering- 
paper,  moistened  with  the  ferrocyanide  of  potassium-solution,  as 
already  described,  is  doubled  together  and  then  pressed  upon  with 
a  glass-rod,  which  has  a  drop  of  the  mixture  adherent  to  it.  If 
an  excess  of  the  iron  is  present,  a  blue  colour  appears  on  the 
paper  in  the  course  of  few  seconds.  The  experiment  is  complete  as 
soon  as  the  well-marked  blue  colour  can  be  reproduced,  even  after 
an  interval  of  some  few  minutes,  without  the  addition  of  any  more 
of  the  iron-solution  to  the  mixture.  This  point,  indicating  the  com- 
pletion of  the  operation,  may  be  accurately  enough  hit  upon  by  the 
assistance  of  the  prescribed  quantity  of  free  acetic  acid.  If  too 
small  a  quantity  of  acetic  acid  be  present,  the  operation  becomes 
very  difficult,  and  often  indeed  impossible,  on  account  of  the  ready 
decomposition  of  the  peracetate  of  iron,  as  well  as  of  the  great  ten- 
dency of  perphosphate  of  iron  to  undergo  basic  combinations. 

The  number  of  cubic  centimetres  of  the  iron- solution,  which 
has  been  used,  gives  us  the  amount  of  phosphoric  acid  contained 
in  the  50  C.  C.  of  urine,  every  cubic  centimetre  corresponding  with 
10  milligrammes  of  phosphoric  acid.  The  experiment  is  repeated  a 
second  time  to  control  the  result ;  and  if  both  these  experiments 
agree,  we  may  conclude  that  the  calculation  is  complete. 

If  the  urine  is  alkaline,  and  has  already  separated  a  portion  of  its 
earthy  phosphates  as  sediment,  a  few  drops  of  hydrochloric  acid 
must  be  first  of  aU  added  to  it  in  order  to  re-dissolve  the  precipitate. 
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From  10  to  20  C.  C.  of  the  acetate  of  soda-solution  are  then  added  to 
the  50  C.  C.  of  urine,  according  as  much  or  little  of  the  hydrochloric 
acid  has  been  employed,  and  the  operation  completed  as  before 
described. 

h.  Determination  of  the  phosphoric  acid  combined  with  the  alkalies 
only. — In  order  to  learn  the  quantity  of  phosphoric  acid  which  is 
combined  with  the  alkalies  in  the  urine,  it  is  necessary,  in  the  first 
place,  to  separate  the  earthy  phosphates.     Eor  this  purpose,  50  C.  C. 
of  the  urine  are  measured  off,  and  rendered  slightly  alkaline  by  the 
addition  of  a  few  drops  of  ammonia.     By  this  means  the  whole  of 
the  phosphoric  acid,  combined  with  the  earths,  is  separated.     After 
a  few  hours,  the  precipitate  of  phosphate  of  lime  and  of  ammonio- 
phosphate   of  magnesia,  is   separated   by  filtration,  and   carefully 
cashed  with  water  containing  a  little  ammonia.     The  filtrate,  after 
)eing  neutralised  with  acetic  acid,  is  treated  with  10  C.  C.  of  acetate 
|of  soda-solution,   and   then   graduated  with  the   iron-solution,   as 
ilready  described.     The  number  of  cubic  centimetres  of  the  iron- 
solution  employed  gives  the  quantity  of  phosphoric  acid  combined 
(with  the  alkalies ;  and  by  subtracting  this  quantity  from  the  whole 
of  the  phosphates  (obtained  by  process  a)  we  obtain,  as  the  diffe- 
rence,  the   quantity  of  phosphoric  acid  in  combination  with  the 
earths. 


section  lxiii. 
Determination  of  the  Amount  of  Free  Acid  in  the  Urine. 

A.  Theory. — ^The  acid  reaction  of  the  urine  does  not  depend  solely 
upon  the  acid  phosphate  of  soda.  Other  free  acids — lactic  acid,  for 
example — assist  in  producing  it.  We  must,  therefore,  in  deter- 
mining the  acidity  endeavour  to  find  its  saturating  capacity  by  com- 
parison with  that  of  some  other  known  acid.  Por  this  purpose 
crystallised  oxalic  acid  is  selected ;  so  that  we  have  to  determine,  how 
much  oxalic  acid  corresponds  with  the  free  acid  in  a  given  quantity 
of  urine.  This  we  do,  by  accurately  neutralising  a  known  quantity 
of  the  urine  with  an  alkaline  solution,  each  cubic  centimetre  of  which 
corresponds  with  a  known  quantity  of  oxalic  acid.     Caustic  soda- 
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solution  serves  best  for  the  purpose,  as  it  does  not,  like  ammonia, 
lose  its  activity  by  evaporation ;  it  also  enables  us  to  ascertain  with 
perfect  accuracy  the  point  of  neutralisation. 

B.  Preparation  of  the  solutions. — a.  Standard  oxalic  acid  solu- 
tion.-^T\ns  solution  serves  for  the  graduation  of  the  caustic  soda 
solution.  It  is  prepared  by  dissolving  1  gramme  of  pure  oxaHc 
acid,  which  has  not  effloresced,  and  diluting  it  up  to  100  C.  C. 
Each  10  C.  C.  of  this  solution  contains  100  milligrammes  of  oxalic 
acid. 

b.  Tincture  of  litmus. — 1  gramme  of  litmus  is  digested  for 
some  time  in  150  grammes  of  alcohol,  and  the  deep-blue  solution 
thus  obtained  is  then  fitered. 

c.  Caustic  soda-solution  is  prepared  in  the  ordinary  way,  by  means 
of  caustic  lime,  from  carbonate  of  soda ;  and  its  activity  determined 
with  the  oxalic  acid-solution  {a) .  Each  cubic  centimetre  indicates 
10  milligrammes  of  oxalic  acid. 

10  C.  C.  of  the  oxalic  acid-solution  are  accurately  measured  off  by 
the  pipette  into  a  small  beaker-glass,  and  rendered  of  a  distinctly  red 
colour  by  the  addition  of  from  6  to  10  drops  of  tincture  of  litmus  {b). 
The  glass  is  then  placed  upon  a  white-coloured  ground,  and  the  dilute 
soda-solution  dropped  into  it,  until  the  fluid  has  again  become  blue. 
This  point  may  be  ascertained  with  the  nicest  accuracy,  the  red  colour 
passing  very  suddenly  into  blue.  Thus  6  C.  C,  for  example,  of 
the  soda-solution  employed  in  the  process  will  correspond  with 
100  milligrammes  of  oxalic  acid;  we  therefore  add  400  C. C.  of 
water  to  600  C.  C.  of  the  soda-solution,  and  thus  obtain  1  litre  of 
soda-solution,  each  cubic -centimetre  of  which  exactly  corresponds 
with  10  milligrammes  of  oxalic  acid.  We  satisfy  ourselves  of  the 
accuracy  of  the  dilution  by  a  second  trial ;  and  if,  after  the  last  drop 
of  10  C.  C.  has  been  added,  the  blue  colour  appears,  the  soda-solution 
may  be  safely  employed  for  determining  the  amount  of  acids  in  the 
urine. 

c.  Process. — The  tincture  of  litmus  cannot  be  added  directly  to 
the  urine,  as  the  colour  of  the  urine  prevents  the  passage  of  the 
red  into  blue  being  accurately  observed.  Consequently,  in  deter- 
mining the  point  of  saturation  in  the  urine  we  must  employ  litmus- 
paper,  and  carry  out  the  process  in  the  following  way  : — 

The  standard  soda-solution  is  added  by  drops  to  50  or  100  C.  C. 
of  urine,  which  have  been  measured  off  into  a  beaker-glass.  After  the 
addition  of  each  half  cubic  centimetre  a  drop  of  the  mixture  is  taken 
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out  on  a  glass-rod,  and  placed  upon  a  piece  of  sensitive  blue  litmus- 
paper  ;  if  the  spot  is  reddened  and  retains  its  red  colour  for  a  few  se- 
conds,'we  must  continue  the  addition  of  the  soda-solution,  until,  in  fact, 
the  reddening  of  the  htmus-paper  is  no  longer  perceptible.  We  then 
place  a  drop  of  the  mixture  on  reddened  litmus-paper,  and  observe 
whether  the  paper  becomes  blue.  If  this  is  the  case,  we  must  then 
notice  the  quantity  of  soda-solution  which  has  been  employed,  and 
repeat  the  experiment  with  a  new  quantity  of  urine ;  this  time,  how- 
ever, not  quite  so  many  drops  must  be  employed.  In  this  way,  and 
by  frequent  testing,  the  point  of  saturation  may  be  accurately 
ascertained. 


SECTION    LXIV. 

K  Determination  of  the  Sulphuric  Acid  in  the  Urine. 
A..  Theory. — The  process  for  determining  the  quantity  of  sulphuric 
cid  in  the  urine  consists  in  adding  a  standard  solution  of  chloride  of 
larium  to  a  given  quantity  of  urine,  so  long  as  a  precipitate  of  sulphate 
of  baryta  is  formed.  It  must,  however,  be  observed,  that  when  we 
have  added  to  a  given  volume  of  urine,  slightly  acidulated  with 
hydrochloric  acid,  a  quantity  of  chloride  of  barium  exactly  equivalent 
to  the  sulphuric  acid  contents,  a  so-called  neutral  point  is  attained, 
at  which  the  filtrate  will  yield  a  slight  cloudiness  with  sulphuric  acid 
as  well  as  with  chloride  of  barium-solution.  In  a  solution  of  this 
composition,  we  must  regard  the  chloride  of  potassium,  the  chloride 
of  barium,  and  the  sulphate  of  potash  in  a  certain  state  of  equilibrium  : 
so  that,  if  more  chloride  of  barium,  or  sulphate  of  potass  be  added, 
the  balance  is  destroyed,  and  sulphate  of  baryta  is  separated.  Hence, 
in  the  determination  of  sulphuric  acid  in  the  urine  by  means  of  the 
chloride  of  barium-solution,  we  must  either  add  the  solution  until 
the  neutral  point  is  attained  {i,  e.  until  a  slight  cloudiness  is  ob- 
tained by  the  further  addition  of  a  drop  of  the  solution,  as  well  as 
in  another  specimen  by  a  drop  of  sulphate  of  potash-solution),  or  we 
must  add  the  chloride  of  barium- solution  until  the  presence  of  only 
a  shght  excess  of  the  baryta  is  indicated  in  the  filtrate  by  sulphate 
of  potash, 

Of  course  the  strength  of  the  chloride  of  barium- solution  must 
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be  different,  according  to  wliicli  of  these  two  methods  of  determining 
the  completion  of  the  reaction  is  employed.  If  we  continue  the 
graduation  up  to  the  neutral  point,  it  will  be  best  to  concentrate  the 
chloride  of  barium- solution,  so  that  1  cubic- centimetre  of  it  shall 
contain  a  quantity  of  baryta  equivalent  to  10  milligrammes  of  sul- 
phuric acid ;  but  in  the  second  case,  the  baryta-solution  must  contain 
a  slight  excess  of  baryta,  in  order  that  each  cubic- centimetre  shall 
precipitate  10  milligrammes  of  sulphuric  acid,  and  the  final  test- 
point  be  indicated  by  a  slight  baryta  reaction  of  the  filtrate.  I  am 
satisfied,  that  the  neutral  point  is  pretty  well  ascertained,  that  the 
result  is  satisfactory,  and  that  the  graduation  with  sulphuric  acid 
may  be  considered  as  complete,  when  in  two  test  specimens  of  the  clear 
filtrate  a  similar  slight  degree  of  cloudiness  is  produced  by  the  chlo- 
ride of  barium,  and  by  the  sulphate  of  potash.  Mulder  first  called 
attention  to  this  neutral  point  produced  in  the  graduation  of  silver  by 
chloride  of  sodium. 

B.  Prejoaration  of  the  solutions. — a.  Chloride  ofharium-solution. — 
This  solution  is  concentrated  so  that  1  C.  C.  of  it  contains  exactly 
10  milligrammes  of  sulphuric  acid.  It  is  prepared  by  dissolving 
30-5  grammes  of  crystallised  chloride  of  ba- 
rium, powdered  and  air-dried,  and  diluting 
the  solution  up  to  1  litre.  1  C.  C.  of  it 
equals  10  milligrammes  of  anhydrous  sul- 
phuric acid. 

b.  8idphate  of  potash-solution. — This  so- 
lution should  be  exactly  equivalent  to  the 
solution  of  chloride  of  barium.  It  is  pre- 
pared by  dissolving  21*778  grammes  of 
powdered  chemically  pure  sulphate  of  po- 
tash, dried  at  100°  C.  (212°  Eahr.),  and 
diluting  the  solution  up  to  1  litre.  One 
C.  C.  will  then  contain  10  milligrammes  of 
sulphuric  acid,  and  is  exactly  equivalent  to 
the  chloride  of  barium- solution  {a). 

c.  Process. — 100  C.  C.  of  the  urine  to  be 
investigated  are  introduced  into  a  narrow 
long-necked  flask  (Pig.  24),  treated  with  20 
or  30  drops  of  hydrochloric  acid,  and  heated 
in  a  water-bath ;  from  5  to  8  C.  C.  of  chlo- 
ride of  barium-solution  are  then  added  by  means  of  the  burette. 


Fig.  24. 
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and  the  mixture  allowed  to  stand  until  the  sulphate  of  baryta  is 
deposited.  It  rapidly  becomes  dense  when  heated  to  boiling,  and  is 
afterwards  perfectly  precipitated.  When  the  fluid  has  become  clear, 
another  cubic  centimetre  of  the  cliloride  of  barium-solution  is  added ; 
10  or  12  drops  of  the  mixture  are  then  heated  and  filtered  through 
a  small  filter,  into  a  narrow  tube  about  two  inches  long,  and  tested, 
in  order  to  ascertain  whether  or  not  a  further  precipitate  may  be 
obtained  by  chloride  of  barium.  If  the  precijntate  takes  place,  we 
then  add  to  another  specimen  a  few  drops  of  sulphate  of  potash- 
solution,  and  thereby  learn  whether  or  not  an  excess  of  baryta-solu- 
tion has  been  added.  If  in  the  first  specimen  tested  a  distinct 
ploudiness  has  been  caused  by  the  baryta- solution,  the  fluid  is 
poured  back  into  the  flask,  the  filter  and  tube  washed  with  a 
ittle  water,  and  the  washings  added  to  the  urine.  Should,  up 
this  point,  about  8  C.  C.  of  the  chloride  •  of  barium-solution 
have  been  used,  1,  2,  3,  or  4  more  cubic  centimetres  are  added, 

ccording  to  the  degree  of  reaction  which  follows,  which  may  be 
adily  learnt  after  a  little  practice,  from  observation  of  the  amount 

f  cloudiness  which  occurs  in  the  first  specimen  tested.  The 
ixture  is  then  heated  until  it  becomes  clear,  a  few  drops  again 
filtered  off  for  testing,  and  the  operation  continued  until  no  further 
cloudiness  appears  in  the  filtrate  on  the  addition  of  chloride  of 
barium.  If  this  point  is  reached  after  the  employment  of  13  C.  C, 
and  if  an  excess  of  baryta  is  distinctly  shown  in  a  new  specimen 
by  sulphate  of  potash,  we  know  that  the  true  point  must  lie 
between  12  and  13  CO.,  and  that  the  100  C.  C.  of  urine  must 
therefore  contain  between  120  and  130  milligrammes  of  sul- 
phuric acid. 

We  then  measure  off  another  100  C.  C.  of  urine,  treat  them  with 
20  to  30  drops  of  hydrochloric  acid,  add  at  once  12  C.  C.  of  chlo- 
ride of  barium-solution,  boil,  and  test  a  few  drops  of  the  filtrate 
with  TO  C,  C.  of  baryta-solution.  If  a  distinct  cloudiness  imme- 
diately appears,  the  filtrate  is  added  to  the  original  fluid,  il  C.  C. 
of  baryta-solution  added,  the  filtrate  again  tested,  and  the  operation 
repeated  until  it  is  found  that  only  a  slight  degree  of  cloudiness 

ppears,  several  seconds  after  the  addition  of  the  chloride  of  barium- 
lution.  A  second  specimen  of  the  filtrate  is  next  tested  with  a 
few  drops  of  sulphate  of  potash-solution,  and  here  also,  if  we  find 
that  a  slight  cloudiness  arises  in  the  course  of  several  seconds,  the 
neutral  point  is  attained,  and  the  graduation  complete. 
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If,  now,  up  to  this  point  about  11'8  C.  C.  of  chloride  of  barium- 
solution  have  been  used,  the  100  C.C.  of  urine  contain  O'llS  gramme  of 
sulphuric  acid,  from  which  we  may  easily  calculate  the  quantity  in  the 
twenty-four  hours^  urine.  Should  we  in  the  first  experiment  have 
greatly  exceeded  the  neutral  point  by  too  free  an  addition  of  the  chlo- 
ride of  barium-solution,  a  few  C.  C.  of  the  equivalent  sulphate  of 
potash-solution  are  added,  and  the  exact  point  then  sought  by  more 
careful  addition  of  the  baryta-solution.  The  number  of  C.C.  of 
sulphate  of  potash  added  must  of  course  be  subtracted  from  the 
entire  quantity  of  baryta-solution  employed. 

This  process  may  appear  tedious,  but  it  is  readily  performed  in 
half-an-hour,  and  yields  satisfactory  results.  100  C.  C.  of  urine 
contained  by  weight  0*129  gramme  of  sulphuric  acid,  and  by  gra- 
duation up  to  the  neutral  point  0*128.  In  another  specimen  100 
C.C.  of  urine  gave  by  weight  0.139  gramme,  and  by  graduation 
0*137  gramme  of  sulphuric  acid.     (Analytical  Examples.) 

Calculation  hy  Weight, — 50  C.  C.  of  urine  are  measured  in  a 
pipette,  then  run  off  into  a  beaker-glass,  and  heated  in  a  water- 
bath  ;  a  little  hydrochloric  acid,  and  afterwards  a  slight  excess  of 
chloride  of  barium-solution  being  subsequently  added.  The  sul- 
phate of  baryta  which  is  formed  is  soon  precipitated,  and  the  super- 
natant fluid  left  clear.  The  whole  of  the  precipitate  is  then  placed 
upon  a  small  filter,  whose  ash  is  known,  and  washed  with  boiling 
distilled  water,  as  long  as  a  drop  of  the  filtrate  becomes  cloudy 
when  tested  with  sulphuric  acid;  when  the  washing  is  finished, 
the  precipitate  is  dried.  The  sulphate  of  baryta  obtained  must  now 
be  heated  to  redness ;  and  for  this  purpose  it  is  removed  from  the 
filter  and  placed  in  a  small  platinum  crucible.  The  filter  is  then 
burnt  on  the  lid  of  the  crucible,  and  the  lid  placed  over  the 
crucible,  but  not  so  as  to  let  the  ash  fall  on  the  precipitate,  and 
then  exposed  for  a  short  time  to  a  powerful  red  heat.  A  little 
sulphuret  of  barium  will  be  formed  at  this  temperature,  because 
organic  compounds  are  always  precipitated  from  the  urine  with 
the  sulphate  of  baryta.  In  consequence  of  this,  when  the  cru- 
cible has  become  cool  its  contents  must  be  moistened  with  a 
few  drops  of  sulphuric  acid,  and  again  heated  to  redness,  to  drive 
off  the  excess  of  sulphuric  acid.  The  crucible  is  then  allowed 
to  cool  in  a  glass  over  sulj)huric  acid,  and  is  weighed.  If  from  the 
total  weight  we  subtract  the  weight  of  the  crucible  and  the  ash  of  the 
filter,  we  obtain,  as  the  difference,  the  quantity  of  precipitated  sul- 
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phate  of  baryta;  and  from  this  the  quantity  of  sulphuric  acid  is 
readily  reckoned,  as  100  parts  of  sulphate  of  baryta  correspond 
with  34*33  parts  of  sulphuric  acid. 


section  lxv. 

Determination  of  the  Sugar  in  Urine. 

A.  Theory. — The  method  of  determining  the  quantity  of  sugar 
in  urine  is  founded  on  the  property  (see  Sect,  xxi.,  c.  8)  which  it  pos- 
sesses of  throwing  down  copper  as  red  oxide  in  alkaline  solutions 

IC)f  sulphate  of  copper.  If  we  employ  a  standard  copper-solution, 
a  known  volume  of  which  is  reduced  by  a  certain  quantity  of 
diabetic  sugar,  we  can  readily  determine  the  exact  amount  of  sugar 
contained  in  solutions  of  sugar  of  unknown  strength,  by  ascertain- 
ing the  precise  volume  which  is  required  for  the  complete  decompo- 
sition of  a  measured  quantity  of  the  graduated  copper-solution. 
1  equivalent  of  grape-sugar  (180),  precipitates  the  copper  of  10 
equivalents  of  sulphate  of  copper  (1247'5). 

B.  Preparation  of  the  copper -solution. — 34*65  grammes  of  pure 
crystaUised  sulphate  of  copper  are  dissolved  in  about  160  grammes 
of  water;  and  a  solution  of  173  grammes  of  pure  crystallised  double 
tartrate  of  potash  and  soda  is  treated  with  from  600  to  700  grammes 
of  caustic  potash  of  1*12  sp.  gr.  Into  the  latter  basic  solution 
the  sulphate  of  copper- solution  is  gradually  poured.  The  clear 
mixture  is  then  diluted  up  to  a  litre.  ]0  C.  C.  of  the  copper-solu- 
tion are  reduced  by  exactly  0*05  gramme  of  diabetic  sugar.  In 
order  to  preserve  the  copper-solution  for  a  length  of  time,  it  is 
necessary  to  keep  it  in  small  glass  bottles  (containing  1  or  2  ounces), 
closed  and  sealed  and  placed  in  a  cellar. 

c.  Process. — To  obtain  satisfactory  results  by  this  method,  it  is 
necessary  that  both  the  urine  which  is  to  be  tested  for  sugar,  and 
the  copper- solution  should  be  well  diluted.  Prom  10  to  40  C.  C. 
of  distilled  water  should  be  added  to  the  copper-solution,  and  10  to 
20  C.  C.  of  the  filtered  urine  may  be  diluted  up  to  ten  or  twenty 
times  their  volume,  before  testing,  so  as  to  contain  not  more  than 
one  half  per  cent,  of  sugar. 

Of  the   graduated   copper-solution   thus   diluted  10    C.  C.  are 
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measured  off,  and  heated  nearly  to  boiling  in  a  flask  over  a  lamp  ; 
the  diluted  urine  is  then  added  to  it  from  a  burette,  the  last  portions 
being  allowed  to  flow  guttatim_,  until  the  reduction  is  complete,  and 
the  fluid  has  become  colourless. 

Several  points  must  be  observed.  As  soon,  for  example,  as  thi; 
first  drops  of  the  sugar-solution  fall  into  the  hot  solution  of  copper, 
the  separation  of  the  sub-oxide  commences ;  the  mixture  becomes  of 
a  greenish  reddish-brown  colour,  in  consequence  of  a  suspension  of 
the  red  sub-oxide  in  the  blue  solution ;  the  precipitate  becomes  more 
abundant  and  more  red,  as  more  of  the  sugar-solution  is  added ; 
and  the  operation  is  not  complete  until  the  precipitate  has  assumed 
a  deep  red  colour,  and  the  fluid  become  quite  colourless. 

The  operation  succeeds  best  and  with  greatest  certainty  in  the 
following  way  :  as  soon  as  the  mixture  in  the  flask,  after  very  gently 
heating  and  after  repeated  addition  of  the  diluted  urine,  begins  to 
assume  a  red  colour,  the  flask  is  removed  from  the  lamp,  and  the 
sub-oxide  which  is  separated  allowed  to  subside,  which  it  will  do  the 
more  rapidly  the  nearer  the  process  has  been  carried  to  the  point  of 
complete  reduction  of  the  oxide  of  copper.  The  slightest  trace 
of  blue-colouring  may  now  be  distinctly  observed,  when  the  flask  is 
brought  between  the  eye  and  the  window,  and  the  fluid  examined  by 
*horizontally-falling  light.  If  the  point  of  completion  is  still  far 
off,  the  sub-oxide  already  produced  is  much  more  slowly  deposited, 
but  the  blue-colour  may  be  readily  observed,  when  the  mixture  is 
rotated  whilst  being  examined.  In  proportion  as  the  blue-colour 
disappears  from  the  fluid,  kept  continually  near  the  boiling  point, 
the  more  carefuUy  must  the  sugar-solution  be  added ;  a  point  is, 
however,  at  last  reached  (after  repeated  additions  of  the  sugar-solu- 
tion and  the  application  of  heat)  at  which,  on  the  addition  of  1  or 
2  drops  of  the  latter,  the  last  shade  of  blue  colour  disappears,  and 
is  replaced  by  a  pale-yellow  shade. 

The  reaction  is  now  complete,  and  the  whole  of  the  oxide  of 
copper  reduced,  a  fact  which,  for  safety^s  sake,  may  be  proved  by 
repeating  the  test.  The  boiling  fluid  is  then  filtered  into  three  test- 
tubes  ;  one  specimen  of  the  perfectly  pure  filtrate  is  acidulated  with 
hydrochloric  acid,  and  tested  with  a  solution  of  sulphuretted  hydro- 
gen, and  another,  acidulated  with  acetic  acid,  is  tested  with  ferrocy- 
anide  of  potassium. 

Neither  of  these  reagents  should  produce  any  change  in  the 
fluid  :  the  first  should  not  turn  it  black,  nor  the  last  turn  it  of  a 
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reddish-brown  or  produce  anj  precipitate.  If  both  the  specimens 
remain  unchanged,  we  may  be  sure  that  all  the  copper  is  reduced, 
and  therefore  that  enough  of  the  sugar-solution  has  been  added. 
It  must,  however,  be  observed  that  the  suboxide  of  copper  will 
again  rapidly  undergo  oxidation  and  solution;  consequently,  the 
fluid  employed  for  testing  must  (immediately  on  the  process  being 
complete)  be  filtered  hot,  for  when  it  cools  it  always  assumes  a 
bluish  colour  through  the  secondary  solution  of  the  oxide  of  copper. 

If  it  should  appear,  through  these  reagents,  that  no  undecomposed. 
oxide  of  copper  remains  in  the  solution,  we  must  still  attend  to 
another  possible  source  of  error.  Too  much  urine  may  have  been 
added,  and  then  the  quantity  of  sugar  will  necessarily  appear  smaller 
than  it  really  is. 

For  this  purpose  the  third  specimen  of  the  clear  and  colourless 
filtrate  is  treated  with  a  few  drops  of  copper-solution,  and  gently 
boiled.  If  only  a  trace  of  excess  of  sugar  has  been  added,  a  dis- 
ttinct  reddish  shade  will  appear  in  a  short  time,  which  is  readily  seen 
|by  transmitted  light.  The  filtrate  will  have  a  yellow  colour  if  the 
sugar  has  been  added  somewhat  in  excess ;  and  in  such  case  there  is 
nothing  to  be  done  but  carefully  to  repeat  the  operation,  which  is 
[always  advisable  as  a  corroborative  test. 

I  have  satisfied  myself  that  if  the  experiment  is  performed  in  a 
lask,  as  first  recommended  by  A.  Ziegler,  and  in  the  manner  de- 
jribed,  the  point  of  completion  may,  with  a  little  practice,  be  always 
Ivery  accurately  seized  upon. 

The  volume  of  urine  employed  contains,  as  stated,  0*05  gramme 
>f  sugar.  And  since  the  quantity  of  sugar  in  the  fluid  is  in  the 
[increased  ratio  of  the  volume  employed,  all  we  have  to  do,  in  order 
ascertain   the   percentage   of  sugar  in  the  urine,  is  to  divide 

by  the  quantity  of  cubic  centimetres  of  urine  employed,  before  it 
^as  diluted;  if,  for  example,  it  was  diluted  to  the  20th  vol.,  we 
lust  divide  20  X  5  =  100  of  the  cubic  centimetres  employed. 

As  uric  acid  is  reducible  by  the  action  of  the  copper-solution 
^hen  boiled,  it  may  influence  the  results  obtained.  In  consequence 
^of  this,  Eehling  precipitates  the  urine  with  acetate  of  lead,  but  Briicke 
^rejects  this  method,  because  (as  he  considers),  more  or  less  of  the 
i^^sugar  is  precipitated  with  it.  Pure  glucose,  however,  prepared  from 
urine,  is  not  precipitated  by  acetate  of  lead ;  so  that  any  precipi- 
tation which  takes  place  must  be  of  a  mechanical  kind.  Fehling 
experimented  with  normal  urine,  to  which  from  10  to  12  per  cent,  of 
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sugar  was  added.  In  dealing,  however,  with  diabetic  urine  containing 
about  8  per  cent,  of  sugar,  if  IOC.  C.  of  it  are  diluted  up  to  200 
C.  C,  we  shall  require  for  the  decomposition  of  10  C.  C.  of  Eehling's 
solution  only  12*5  C.  C.  of  this  diluted  fluid,  corresponding  with  0"G 
C.  C.  of  the  original  urine.  The  quantity  of  uric  acid  contained  in 
0*6  C.  C.  of  a  diabetic  urine  must  be  very  minute. 

I  have  made  many  experiments  with  diabetic  urine  to  satisfy  my- 
self of  the  effect  of  the  presence  of  uric  acid. 

a,  10  C.  C.  of  urine  were  diluted  up  to  200  C.  C.  and  directly 
used  for  volumetrical  analysis.  In  several  experiments  12'3  C.  C. 
were  employed. 

5.  10  C.  C.  of  urine  were  diluted  with  188  C.  C.  of  water  and 
2  C.  C.  of  acetate  of  lead  (which  more  than  sufficed  for  the  precipi- 
tation). The  mixture  was  filtered  after  twelve  hours,  and  of  the 
filtrate  exactly  12*2  C.  C.  were  employed  to  10  C.  C.  of  Tehling's 
solution. 

c.  150  C.  C.  of  urine  were  left  at  rest  forty-eight  hours  at  a  tem- 
perature of  5°  to  6°  Cent.  (9°  to  11°  Pahr.),  with  5  C.  C.  of  hydro- 
chloric acid  of  1-1  sp.  gr.  10'33  C.  C.  (corresponding  with  10  C.  C. 
of  the  original  urine)  of  this  urine,  filtered  off  from  the  separated 
uric  acid,  were  diluted  up  to  200  C.  C.  and  volumetrically  analysed. 
In  several  experiments  12 '3  C.  C.  were  employed. 

The  same  experiments  were  several  times  repeated  on  other  days 
with  diabetic  urine,  without  yielding  any  variations  worthy  of  note. 
Nevertheless,  in  many  cases  precipitation  with  acetate  of  lead  may  be 
useful;  and  if  this  is  effected  in  urine  previously  diluted  so  as  to 
contain  at  most  0"5  per  cent.,  the  precipitation  of  the  sugar,  as 
appears  from  Pehling's  experiments,  will  be  either  nilo)^  inappreciably 
minute.  If  albumen  exist  in  the  urine,  it  must  be  first  of  all 
removed ;  the  urine  is  boiled  with  the  addition  of  a  drop  of  acetic 
acid,  the  coagulum  separated  by  filtration,  carefully  washed,  and  the 
fitrate  thus  diluted,  used  for  determination  of  the  sugar. 

2.  Betermination  of  the  Quantity  of  Sugar  hy  Fermentation. — 
A.  Theory. — We  have  already  seen  (Section  xxi.  c.  9)  that  diabe- 
tic urine  ferments  when  yeast  is  added  to  it.  One  equivalent 
of  the  sugar  is  thereby  decomposed  into  2  equivalents  of  alcohol, 
and  4  equivalents  of  carbonic  acid.  Hence,  therefore,  if  we 
ascertain  the  quantity  of  carbonic  acid  which  is  formed  by  the  fer- 
mentation of  a  given  quantity  of  diabetic  urine,  we  may  at  once 
reckon  the  quantity  of  sugar  present  in  it.  One  hundred  parts  of 
carbonic  acid  correspond  with  204*54  parts  of  sugar. 
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B.  Process. — In  this  process  we  make  use  of  the  apparatus  shown  in 
Fig.  35.  Prom  20  to  30  C.C.  of  urine  are  introduced  into  the  flask,  a, 
and  a  little  well-washed  (and  so-called)  dried  yeast  added  to  it,  to- 
gether with  a  small  quantity  of  tartaric  acid.  The  flask  is  then 
united  by  the  bent  tube,  c,  with  the  flask,  b,  which  is  half-filled  with 
concentrated  sulphuric  acid.  The  tube,  a,  in  the  flask,  a,  is  closed 
above  by  a  bit  of  wax,  and  the  apparatus  accurately  weighed.  It  is 
then  subjected  to  a  temperature  of  about  15"  to  25°  0.  (59°  to  77° 
Eahr.).     Fermentation  thereupon  soon  sets  in,  and  carbonic  acid  is 

Fig.  25. 


developed.  The  gas  goes  off  by  the  tube,  c,  and  passes  through  the 
sulphuric  acid  in  the  flask,  b  ;  being  thus  completely  dried,  it  escapes 
through  the  tube,  d,  which  may  be  united  with  a  small  V-shaped  tube, 
containing  chloride  of  calcium,  in  order  to  prevent  any  moisture 
from  the  air  being  absorbed  by  the  concentrated  sulphuric  acid  in  b. 
The  fermentation  is  usually  completed  in  the  course  of  two  or 
three  days ;  carbonic  acid  ceases  to  be  given  off,  and  the  whole 
of  the  sugar  is  decomposed.  The  flask,  a,  is  gently  heated  to  drive 
off  any  carbonic  acid  which  may  be  retained  in  it,  and  a  little  air  is 
then  sucked  out  of  the  apparatus  at  a,  through  a  hole  in  the  cork, 
until  it  no  longer  tastes  of  carbonic  acid.  The  apparatus  is  then 
once  more  weighed.  The  loss  of  weight  gives  us  directly  the  quan- 
tity of  carbonic  acid  which  has  been  formed  during  the  decomposition, 
and  from  this  we  can  readily  calculate  the  corresponding  quantity  of 
sugar  contained  in  the  urine — 48*89  parts  of  carbonic  acid  exactly 
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corresponding  with  100  parts  of  diabetic  sugar  This  method  is 
easily  practised/ though  it  requires  a  length  of  time  for  completion; 
but  it  is  liable  to  several  errors.  In  the  first  place,  according  to 
Jacquemert,  normal  urine,  when  treated  with  yeast,  gives  off  a 
small  quantity  of  carbonic  acid ;  and  then  again  urine  itself,  as  well 
as  yeast,  contains  some  free  carbonic  acid.  The  last  source  of 
error  may  be  removed  by  adding  a  weighed  quantity  of  yeast  to  the 
urine,  and  ascertaining  by  a  separate  experiment  how  much  car- 
bonic acid  the  yeast  itself  will  give  off.  This  quantity  of  carbonic 
acid  must  then  be  subtracted. 

If  the  urine  contains  albumen,  the  albumen  must  be  coagulated  by 
boiling,  otherwise  putrefaction  may  occur,  and  this  is  of  course 
attended  with  development  of  gas.  According  to  Lehmann  the  addi- 
tion of  tartaric  acid  prevents  other  kinds  of  decomposition,  and  also 
promotes  the  vinous  fermentation. 

Lehmann  proposes  to  determine  the  quantity  of  sugar  in  the 
urine,  not  directly,  after  the  manner  described,  but  by  precipitating 
it  first  of  all  in  the  form  of  potash-glucose  by  means  of  caustic  potash 
from  an  alcoholic  solution,  and  then  subjecting  this  to  fermentation. 

The  researches  of  Pasteur  show,  that  during  the  fermentation  of 
the  sugar,  amylic-alcohol,  buty lie- alcohol,  and  even  succinic  acid 
are  formed,  as  well  as  carbonic  acid  and  alcohol.  Consequently,  the 
amount  of  carbonic  acid  is  no  positive  measure  of  the  quantity  of 
the  sugar;  and  this  may  explain  the  circumstance,  that  many 
chemists  have  always  found  less  sugar  in  diabetic  urine  by  the 
employment  of  the  fermentation  test,  than  by  means  of  Fehling^s 
excellent  process.     Pehling's  method  is  decidedly  the  best. 


section  lxvi. 

Determination  of  the  Quantity  of  Iodine  in  the  Ueine. 

As  it  is  in  many  cases  a  matter  of  interest  to  ascertain  the  quantity 
of  iodine  in  the  urine,  when  any  preparation  of  iodine  has  been 
taken,  the  volumetrical  method  proposed  by  Kersting  for  this  object 
is  here  introduced  [Annalen  der  Chemie  und  Pharm..,  Bd.  87, 
p.  21). 


^h 
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A.  Theory, — This  method  is  based  on  the  fact,  that  the  whole  of 
the  iodine  is  separated  from  a  solution,  even  moderately  dilute,  of 
any  metallic  salt  of  iodine,  by  distillation  with  sulphuric  acid,  so 
that,  if  the  distillation  be  carried  on  long  enough,  not  a  trace  of 
iodine  will  be  left  in  the  residue.  The  quantity  of  iodine  which 
passes  over  with  the  distillate  is  measured  by  a  standard  solution  of 
proto-chloride  of  palladium. 

If,  for  instance,  a  solution  of  a  metallic  salt  of  iodine  is  mixed  with 
an  excess  of  the  proto-chloride  of  palladium-solution,  and  a  little 
hydrochloric  acid  added,  at  a  temperature  of  from  60°  to  100°  C. 
(140°  to  212°  Pahr.)  iodide  of  palladium  will  be  formed  in  the 
course  of  a  few  seconds,  and  on  shaking  the  mixture,  will  separate  in 
black  curdy  flocculi,  the  supernatant  fluid  remaining  perfectly  clear 

d  colourless.  But  if  the  iodide  be  in  excess,  the  separation  takes 
lace  much  more  slowly,  and  the  iodide  of  palladium  is  partly  de- 
posited as  a  dark  layer  firmly  adherent  to  the  side  of  the  glass. 

Por  this  reason,  in  estimating  the  iodine,  we  must  not  add  the 
palladium-solution  to  the  fluid  which  contains  the  iodine,  but  we 
must  measure  off  a  given  quantity  of  the  palladium-solution,  and 
then  find  out  the  number  of  cubic-centimetres  of  the  fluid  to  be 
tested  for  iodine,  which  suf&ce  for  the  exact  precipitation  of  the 
known  quantity  of  palladium-solution  employed.  As  the  mixture 
by  heat  and  agitation  becomes  nearly  absolutely  clear,  and  as  the 
presence  of  from  gg  to  300  milligramme  of  iodine  may  be  shown  by 
palladium ;  and  as  on  the  other  hand,  xmm  part  of  palladium  yields 
a  distinctly  brown  colour  with  iodine — the  calculations,  as  I  found, 
made  with  pure  iodide  of  potassium  and  proto-chloride  of  palladium- 
solutions,  both  of  known  strength,  came  out  very  accurately. 

B.  Preparations  of  the  solutions. — 1.  Standard  solution  of  iodide 
of  potassium. — This  solution  must  contain  exactly  t^  of  iodine,  and 
is  readily  obtained  by  weighing  off  1'308  gramme  of  pure  iodide 
of  potassium  heated  to  redness,  and  free  from  iodate  of  potash,  dis- 
solving it  and  then  diluting  the  solution  up  to  a  Ktre.  1  C.  C.  of 
this  solution  contains  1  milligramme  of  iodine,  as  1'308  gramme 
of  iodide  of  potassium  exactly  corresponds  with  1  gramme  ©f  iodine 
(126-88  :  165-99  =  1  :  ^  =  1*308). 

This  solution  serves  for  the  volumetrical  determination  of  the  so- 
lution of  proto-chloride  of  palladium. 

2.  Acid  solution  of  proto-chloride  of  palladium. — a.  The  salt  of 
palladium  is  prepared  from  the  metal.     One  gramme  of  palladium, 
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for  instance,  is  weighed,  dissolved  by  the  aid  of  heat  in  aqua 
regia,  and  evaporated  at  100°  C.  {212°  Fahr.)  to  dryness:  50 
parts  of  concentrated  hydrochloric  acid  are  then  added  to  it,  and 
the  mixture  diluted  with  water  up  to  2000  C.  C.  As  the  palladium 
of  commerce  is  rarely  obtained  pure,  we  must  find  out  the  exact 
quantity  of  palladium  in  this  solution  by  means  of  the  iodide  of  potas- 
sium solution  (1),  which  constains  one-thousandth  part  of  iodine. 

d.  Volumetrical  determination  of  the  palladium-solution.  — 10 
C.  C.  of  the  solution  of  palladium  which  is  to  be  tested,  arc 
introduced  into  a  small  flask,  which  will  hold  about  100  to  200 
cubic -centimetres ;  the  flask  is  then  corked  and  heated  in  a  water- 
bath  to  from  60°  to  100°  C.  (140°  to  212°  Fahr.).  The  iodide- 
solution  (1)  is  then  gradually  added  to  it  from  the  pipette,  the 
mixture  well  shaken,  and  then  heated  for  a  few  seconds.  A  small 
quantity  of  the  fluid,  which  becomes  clear  in  the  course  of  a  few 
minutes,  is  next  poured  into  two  small  narrow  test-tubes,  so  that 
each  of  them  is  filled  up  to  the  height  of  1  to  2  inches.  To  one  of 
these  a  few  more  drops  of  iodide-solution  are  added,  and  the 
test  compared  with  the  other  to  ascertain  if  it  has  become  of  a 
browner  tint.  If  this  should  be  the  case,  the  specimens  are  returned 
to  the  original  mixture,  to  which  more  of  the  iodine-solution  is 
added,  and  which  is  again  shaken,  heated,  and  again  tested  as  before. 
This  process  is  repeated  until  the  iodide  ceases  to  produce  any 
further  coloration.  When  this  point  is  attained,  a  little  of  the  fluid 
is  filtered  ofP,  and  if,  on  the  addition  both  of  the  palladium-  and 
iodide-solutions,  it  does  not  yield  any  appreciable  brown  discolora- 
tion, it  can  scarcely  contain  tmuooo  of  excess  of  either  of  these  bodies. 
However  difficult  and  tedious  this  experiment  may  appear,  it  may 
be  satisfactorily  performed  in  ten  minutes.  The  quantity  of  palla- 
dium contained  in  the  palladium-solution  is  calculated  from  the 
number  of  cubic-centimetres  of  the  iodide-solution,  which  have  been 
employed. 

1  C.  C.  of  the  iodide-solution  contains  1  milligramme  of  iodine, 
and  this  corresponds  with  0.42  milligramme  of  palladium 
(126-88:  53-24  =  1:^=  0-42.). 

If  then,  for  example,  11.9  C.  C.  of  iodide-solution  have  been  used 
in  the  precipitation  of  10  C.  C.  of  the  proto-chloride  of  palla- 
dium-solution, they  will  correspond  (as  they  contain  exactly  11-9 
milligrammes  of  iodine)  with  11.9  X  0.42  milligrammes  of  palladium. 
10  C.  C,   therefore,   of  palladium- solution   contain   4.998   milli- 
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grammes  of  palladium,  and  require  just  the  quantity  of  any  iodine- 
solution  of  unknown  strength,  which  contains  11*9  milligrammes  of 
iodine.  In  this  way  the  amount  of  iodine  contained  in  the  whole 
of  the  fluid  may  be  easily  reckoned. 

c.  Process. — In  order  to  ascertain  the  quantity  of  iodine  present 
in  the  urine,  it  is  first  of  all  necessary  to  separate  it  by  distillation 
with  sulphuric  acid.  Eor  this  purpose  the  apparatus  here  repre- 
sented is  used.     (Fig.  26.) 

Fro.  26. 


«  is  a  glass-flask,  containing  about  300  CO.;  it  is  united  by 
a  bent  glass-tube,  with  a  Liebig^s  condenser,  c  c,  in  which  the 
vapour  is  condensed,  and  from  whence  it  passes  into  the  glass,  d, 
which  acts  as  a  receiver.  If  the  urine  contains  a  distinctly  appre- 
ciable amount  of  iodine,  we  measure  off  from  50  to  100  C.  C.  of  it 
with  a  pipette,  and  i»troduce  this  quantity  into  the  flask,  a,  which  is 
placed  in  cold  water ;  we  then  carefully  drop  into  it  20  C.  C.  of 
pure  concentrated  sulphuric  acid  free  from  iodine,  taking  care  to 
avoid  the  development  of  a  great  heat.  The  flask  is  then  fixed 
to  the  condenser,  and  the  distillation  of  the  fluid  carried  on  until  a 
white  vapour  of  sulphuric  acid  begins  to  show  itself  in  the  neck  of 
the  flask. 

If,  however,  the  urine  contains  only  a  very  small  quantity  of 
iodine  a  measured  quantity  of  it,  say  200  to  250  C.  C,  is  treated 
with  an  excess  of  caustic  potash,  and  then  distilled  down  to  about 
20  or  40  C.  C.  The  distillate  contains  no  iodine.  20  C.  C.  of 
concentrated  sulphuric  acid  are  now  cautiously  added  to  the  residue 
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in  the  flask  when  it  is  cool,  and  the  distillation  then  conducted  as 
before,  until  the  vapour  of  sulphuric  acid  begins  to  show  itself  in 
the  neck  of  the  flask. 

The  distillate  obtained  in  both  cases  contains  hydriodic  acid, 
the  volatile  acids  of  the  urine,  carbonic  acid,  sulphurous  and  sul- 
phuric acids.  The  sulphurous  acid  must  be  oxidised  and  removed 
before  the  distillate  can  be  used  for  determining  the  quantity  of 
iodine ;  and  this  is  readily  done  in  the  following  way :  1  or  2 
drops  of  starch-solution  (1  part  starch,  -nj  part  sulphuric  acid,  and 
24  parts  water)  are  added  to  the  distillate,  and  a  saturated  chloride 
of  lime-solution  dropped  into  it  until  the  fluid  begins  to  turn  blue. 
The  blue  colour  is  then  removed  by  1  or  2  drops  of  weak  sulphurous 
acid  water.  The  distillate  is  now  ready  for  the  estimation  of  the 
iodine,  after  the  volume  of  the  whole  (which  also  corresponds  with 
the  quantity  of  urine  employed)  has  been  ascertained.  It  is  then 
poured  into  Mohr^s  pipette;  exactly  10  C.  C.  of  the  standard  palla- 
dium-solution are  measured  off,  and  heated  in  a  small  glass  in  a 
water-bath,  and  to  this  the  urine-distillate  containing  the  iodine  is 
added,  and  the  analysis  finally  carried  out  as  above  described 
(B.  2.  b.). 

Thus  if  from  100  C.  C.  of  urine  we  have  obtained  96  C.  C.  of  dis- 
tillate, and  have  employed  12  C.  C.  of  it  for  the  complete  precipita- 
tion of  10  C.  C.  of  palladium- solution  (containing  4*998  milligrammes 
of  palladium),  the  12  C.  C.  will  contain  11*9  milligrammes  of  iodine 
(53-24  :  126-88  =  4*998  :  ^).  See  B.  2.  b. 

Consequently,  in  96  C.  C.  of  the  distillate,  corresponding  with 
100  C.  C.  of  urine,  there  are  contained  8  X  11*9  milligrammes 
=  95*2  milligrammes  of  iodine  (0-0952). 


section  lxvii. 

Determination  of  the  Iron  in  Urine. 

A.  Theory. — When  we  add  a  solution  of  permanganate  of  potash 
to  a  solution  of  protoxide  of  iron,  containing  an  excess  of  hydro- 
chloric acid,  the  protoxide  of  iron  is  oxidised,  and  the  permanganic 
acid  reduced  to  proto-chloride  of  manganese.  One  equivalent  of  per- 
manganate of  potash  (K  0,  Mn^  O7)  yields  5  equivalents  of  oxygen, 
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and  10  equivalents  of  protoxide  are  thereby  converted  into  peroxide 
of  iron.  If,  now,  the  strength  of  the  permanganate  of  potash-solution 
be  known,  we  can  thereby  easily  calculate  any  unknown  quantity  of 
iron  (which  must  necessarily  exist  in  solution  as  protoxide),  by  mea- 
suring the  volume,  which  exactly  suffices  for  its  oxidation.  The  com- 
pletion-point of  the  operation  is  clearly  indicated  by  the  bright-red 
colour  of  the  whole  of  the  fluid,  which  is  produced  even  by  one  drop 
of  permanganate  of  potash  added  in  excess. 

B.  Preparation  of  the  solutions. — 1.  Solution  of  permanganate  of 
potash. — A  highly  concentrated  solution  of  10  parts  of  hydrate  of 
potash  is  added  to  8  parts  of  peroxide  of  manganese  and  7  parts  of 
chlorate  of  potash  well-mixed  together,  and  the  mixture  evaporated 
to  dryness;  the  mass  is  then  put  into  a  crucible,  and  gently  heated 
up  to  a  moderate  red-heat,  until  all  the  -chlorate  of  potash  is  decom- 
posed. The  green  mass  thus  obtained,  rubbed  up  with  water,  is 
boiled  until  the  green  colour  of  the  manganate  of  potash  has  passed 
into  the  violet  colour  of  permanganate  of  potash,  peroxide  of  man- 
ganese being  separated.  The  precipitate  is  separated  by  decantation, 
and  the  clear  solution,  which  must  be  filtered  through  asbestos,  pre- 
served in  a  well-closed  bottle. 

The  strength  of  the  permanganate  of  potash-solution  must  be 
ascertained  before  every  experiment,  for,  in  spite  of  the  greatest  care, 
it  is  liable  to  undergo  a  change.  The  volumetrical  analysis  of  it  is 
very  simply  performed  with  a  solution  of  ferrocyanide  of  potassium, 
10  equivalents  of  which  are  converted  into  5  equivalents  of  ferridcy- 
anide  of  potassium  by  1  equivalent  of  permanganic  acid.  Conse- 
quently, 1  equivalent  of  ferrocyanide  of  potassium  (211*2)  corre- 
sponds with  1  equivalent  of  iron  (28). 

2.  Solution  of  ferrocyanide  of  potassium. — 7*543  grammes  of 
pure,  dry,  crystallised  ferrocyanide  of  potassium,  corresponding  with 
1  gramme  of  iron,  are  dissolved  in  water,  and  the  solution  diluted 
to  a  litre.  10  C.  C.  of  this  solution  correspond  exactly  with  0*010 
gramme  of  iron.  The  solution  must  be  kept  in  a  well  stoppered 
bottle. 

Graduation  of  the  permanganate  of  potash-solution. — 10  C.  C. 
of  the  ferrocyanide  of  potassium-solution  (corresponding  with  10 
milligrammes  of  iron)  are  measured  off"  with  the  pipette,  diluted 
with  about  50  C.  C.  of  water,  and  acidified  with  hydrochloric 
acid;  the  glass  containing  the  mixture  is  then  placed  upon  a  sheet 
of  white  paper,  and  the  dilute  solution  of  permanganate  of  potash 
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dropped  into  it,  shaking  the  mixture  from  time  to  time,  until  the 
yellowish-red  colour  of  the  fluid  announces  the  completion  of  the 
operation.  If  20  C.  C.  of  permanganate  of  potash-solution  have  been 
used  in  this  operation,  1  C.  C.  of  it  will  correspond  with  ^J-°  =  0'5 
milligramme  of  iron.  The  experiment  should  be  confirmed  by  a 
second  experiment. 

A  solution  of  oxalic  acid,  containing  1'125  gramme  of  crystallised 
oxalic  acid  in  a  litre,  and  corresponding  with  1  gramme  of  iron,  will 
serve  for  the  same  purpose.  10  C.  C.  of  this  solution,  corresponding 
with  0*010  gramme  of  iron,  are  measured  ofi",  and  heated  to  boiling, 
treated  with  a  little  dilute  sulphuric  acid,  and  graduated  with  the 
permanganate  of  potash- solution  until  the  red  colour  appears.  The 
volume  employed  for  this  purpose  will  correspond  with  O'OIO  gramme 
of  iron.     Of  these  methods,!  prefer  the  last. 

c.  Process. — In  order  to  ascertain  the  quantity  of  iron  in  the 
urine  by  this  method,  it  is  necessary  to  evaporate  the  urine,  and  burn 
off  the  organic  matter.  For  this  purpose  100  C.C.  of  urine  are 
evaporated  to  dryness  in  a  platinum  basin,  and  heated  to  perfect 
carbonization ;  the  ash  is  then  burnt  until  the  whole  of  the  carbon 
is  driven  ofl",  and  the  residue  has  become  perfectly  white.  When 
cool  the  saline  mass  is  dissolved  in  hydrochloric  acid,  and  heated ; 
water  is  added  to  it,  and  the  solution  carefully  poured  into  a  flask 
which  wiU  hold  from  about  100  to  150  C.  C. 

Before  the  graduation  can  be  effected  the  iron,  which  exists  as  per- 
oxide, must  be  reduced.  A  little  sulphite  of  soda  is  therefore  added 
to  the  hydrochloric  acid  solution,  and  the  solution  boiled  until  the 
fluid  becomes  colourless,  and  no  trace  of  sulphurous  acid  can  be  dis- 
covered in  it.  Having  ascertained  the  strength  of  the  permanganate 
of  potash-solution  by  means  of  the  oxalic  acid-,  or  ferrocyanide  of 
potassium-solution,  we  dilute  the  solution  of  iron  to  about  60  C.  C, 
and  when  it  is  perfectly  cool  place  the  glass  containing  it  on  a  sheet 
of  white  paper,  and  drop  into  it  the  permanganate  of  potash-solution 
until  the  fluid  assumes  a  pale  rose-red  colour.  If,  now,  1  C.  C.  of 
the  permanganate  of  potash-solution  corresponds  with  0-0005 
gramme  of  iron,  and  if  3  C.  C.  were  employed  in  the  operation,  the 
100  C.  C.  of  urine  will  contain  3  X  0*5  milligrammes  of  iron 
=:  0*0015  gramme.  The  quantity  of  iron  thus  obtained  multiplied 
by  1*43  gives  the  corresponding  quantity  of  peroxide,  and  multiplied 
by  1*286  the  corresponding  quantity  of  protoxide. 

This  method  is  good,  and  gives  accurate  results.     It  must  be 
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remembered,  however,  that  the  red  colour  produced  by  the  last 
drop  added,  disappears  after  a  little  time,  and  may  so  lead  the  incau- 
tious observer  into  error. 


section  lxviii. 

Determination  of  the  Uric  Acid  in  the  Urine. 

A.  Precipitation  hy  hydrochloric  acid. — 200  C.  C.  of  urine  are 
introduced  into  a  small  beaker-glass,  and  5  C.  C.  of  pure  hydro- 
chloric acid  (sp.  gr.  I'll)  added  to  it;  the  mixture  is  well  stirred 
with  a  glass  rod,  the  beaker-glass  covered  with  a  glass-plate,  and 
allowed  to  stand  at  rest  in  a  cellar  at  as  low  a  temperature  as  pos- 
sible for  about  twenty-four  or  thirty-six  hours.  At  the  end  of  this 
time,  the  uric  acid  is  found  separated  in  tlie  form  of  more  or  less 
coloured  crystals.  These  must  be  collected  on  a  weighed  filter  and 
dried. 

As,  however,  paper  is  very  hygroscopic,  the  weight  of  a  dried 
filter  cannot  be  directly  determined.  We,  therefore,  in  this  as  in 
all  other  cases  in  which  substances,  whose  quantity  is  to  be  ascer- 
tained, are  collected  on  weighed  filters,  make  use  of  a  simple 
arrangement  which  fully  answers  the  purpose.  Two  watch-glasses 
(Fig.  27,  h  b,)  ground  at  the  edges  and  exactly  fitting  to  each 
other,  are  firmly  held  together  by  a  brass  clip,  a  «,  so  that  a  filter, 
c,  lying  between  them  is  hermetically  enclosed.  The  two  watch- 
glasses  with  the  filter  lying 
on  them  and  the  brass-clip  ^^* 

are  introduced  into  the  drying 
apparatus  (Eig.  10).  When 
this  has  been  kept  for  some 
time  at  a  temperature  of  100 
C.  (212°  Pahr.)  the  watch- 
glasses  containing  the  filter  are  laid  together,  the  clips  slipped  over 
them,  and  when  cooled  in  the  sulphuric  acid  apparatus  (Fig.  11), 
are  weighed. 

The  uric  acid  is  collected  on  a  filter  thus  dried,  in  the  following 
way.  The  crystals  on  the  surface  of  the  fluid  are  first  poured  off  on  to 
the  filter,  and  the  remainder  of  the  urine,  which  is  generally  clear,  is 
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poured  off,  or,  what  is  better,  drawn  off  with  a  syphon,  and  the  uric 
acid  crystals  attached  to  the  sides  and  lying  on  the  bottom  of  the 
glass  removed  with  a  feather  from  which  most  of  the  beard  has 
been  removed,  or,  still  better,  with  a  glass  rod,  covered  at  the  end 
with  a  small  bit  of  caoutchouc- tubing,  and  placed  on  the  filter. 
They  are  then  washed  with  distilled  water,  so  long  as  the  water  is 
made  cloudy  by  nitrate  of  silver-solution.  The  filter  is  then  re- 
moved from  the  funnel,  laid  upon  one  of  the  watch-glasses,  and 
well  dried  at  100  C.  (212°  Pahr.)  in  the  air-bath.  (As  uric  acid 
crystals  are  very  readily  deposited,  washing  by  decantation,  in  whicli 
process  the  fluid  is  always  removed  by  the  syphon,  is  to  be  preferred 
to  filtration,  which  is  troublesome) .  The  weighing  of  the  uric  acid 
is  then  conducted  as  before  (I^ig.  27).  What  the  apparatus  has 
gained  in  weight  represents  the  amount  of  uric  acid  which  is  con- 
tained in  200  C.  C.  of  urine. 

If  the  urine  is  much  diluted,  or  contains  very  little  uric  acid,  it  is 
advisable  to  concentrate  200  to  250  C.  C.  of  it  by  evaporation  to 
50  C.  C.  before  adding  the  hydrochloric  acid.  The  uric  acid  ob- 
tained in  this  way  always  contains  a  little  colouring-matter,  but  its 
quantity  is  too  small  to  interfere  with  the  results. 

This  simple  method  is  never  free  from  error,  for  a  certain  quan- 
tity of  uric  acid  (varying  with  the  temperature  and  the  degree  of 
acidity  of  the  fluid)  always  remains  in  solution.  The  error  may  be 
as  great  as  9  or  10  per  cent.,  and  even  more.  It  is  necessary, 
therefore,  always  to  use  the  same  quantity  of  acid  (200  C.  C.  of 
urine,  5  C.  C.  hydrochloric  acid,  sp.  gr.  1*11),  and  to  keep  the 
mixture  in  a  cellar,  at  as  low  a  temperature  as  possible.  The 
result  is  very  satisfactory,  when  the  filtrate  and  the  water  used  in 
the  washing  is  measured  off,  and  the  quantity  of  uric  acid  contained 
therein  (reckoned  according  to  the  solubility  of  the  uric  acid)  added 
to  the  quantity  of  uric  acid  which  has  been  directly  obtained  by  the 
experiment.  According  to  many  experiments  which  I  have  made,  I 
find,  that  we  shall  be  very  near  the  truth  if  we  reckon  1  milligramme 
of  uric  acid  for  every  26  C.  C.  of  filtrate  at  a  temperature  of  10°  to 
16°  C.  (50°  to  60°  Pahr.),  and  with  the  amount  of  acid  above  given 
— a  proceeding  which  is  also  of  service  in  inorganic  analysis,  in  the 
case  of  double  chloride  of  potassium  and  platinum,  sulphate  of 
strontian,  &c.     (Analytical  Examples.) 

B.  Determination  of  the  uric  acid  in  the  residue  of  urine  hy 
exhaustion  tvith  alcohol. — 100  C.  C.  of  urine  are  measured  off  by 
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the  pipette,  introduced  into  a  porcelain  basin,  and  evaporated  to 
the  consistence  of  a  syrup  in  a  water-bath  (Fig.  9).  This  residue 
is  treated  with  small  quantities  of  strong  spirit  of  wine  of  0*83  sp.  gr. 
so  long  as  the  alcohol  takes  up  any  of  it.  The  residue  is  well  stirred 
up  with  the  alcohol,  the  insoluble  matters  allowed  to  subside,  and 
the  spirit,  more  or  less  turbid,  is  passed  through  a  filter  dried  and 
weighed  (a).  (The  border  of  the  basin  is  smeared  with  a  little  grease 
to  prevent  the  running  down  of  any  drops).  The  extract  remain- 
ing in  the  basin  is  again  several  times  treated  in  the  same  way  with 
the  spirit  of  wine;  and  dilute  hydrochloric  acid  (1  part  hydro- 
chloric acid  and  6  parts  water),  then  poured  on  it. 

In  this  way  everything  except  the  uric  acid  and  a  small  quantity 
of  mucus  is  dissolved.  The  residue  is  now  placed  upon  the  same 
filter,  washed  first  of  all  with  dilute  hydrochloric  acid,  and  then 
with  water,  and  dried  and  weighed,  as  described  above  (a).  By 
deducting  the  weight  of  the  apparatus  (Fig.  27)  from  the  weight 
last  obtained,  we  ascertain  the  quantity  of  uric  acid  in  100  C.  C. 
of  urine,  and  so  may  readily  calculate  the  quantity  in  the  whole 
of  the  urine.  This  process  is  much  less  convenient  than  the  first 
described. 

If  we  wish  to  separate  the  uric  acid  thus  obtained,  which  is  in- 
deed rarely  necessary,  from  the  small  quantity  of  mucus  mixed 
with  it,  the  mixture  is  heated  with  dilute  soda-solution,  in  which 
mucus  is  insoluble,  and  the  uric  acid  precipitated  from  the  filtered 
solution  with  acetic  acid  or  dilute  hydrochloric  acid.  The  weight 
may  then  be  found,  as  explained  above,  a. 

c.  Modification  of  the  process  required  hj  the  presence  of  alhu- 
men  in  the  urine. — If  the  urine  which  is  to  be  tested  for  uric  acid 
contains  albumen,  the  two  processes  here  described  cannot  be  carried 
out  in  the  usual  way ;  for  in  the  first  place,  a  portion  of  the  albu- 
men is  precipitated  by  the  hydrocliloric  acid ;  and  in  the  second, 
the  albumen,  which  is  coagulated  by  the  heat,  remains  behind  with 
the  uric  acid  in  the  residue,  being  insoluble  in  alcohol.  In  deter- 
mining the  quantity  of  uric  acid,  we  must  therefore  employ  urine 
from  which  the  coagulated  albumen  has  beea  previously  separated 
by  filtration,  and  then  proceed  according  to  the  process,  a. 

I  shall  not  notice  the  method,  recently  discovered,  of  estimating 
the  uric  acid  by  graduation  with  the  permanganate  of  potash,  as  it 
is  hardly  available  in  the  analysis  of  urine.  Uric  acid  cannot  be 
directly   measured  by   graduation  with  permanganate  of   potash. 
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because  many  other  substances  are  likewise  decomposed  by  this 
powerful  oxidising  agent.  We  must  therefore^  first  of  all^  precipitate 
it  with  an  acid,  filter  it  off  and  wash,  then  dissolve  it  in  potash, 
and  after  the  addition  of  acid,  graduate  with  a  standard  permanganate 
solution.  As  in  the  precipitation  with  acids,  as  much  as  even  10  per 
cent,  of  uric  acid  may  be  left  in  solution,  and  the  whole  calculation 
(unless  corrected  as  above  recommended)  be  interfered  with ;  it  is 
much  simpler,  under  all  circumstances,  to  dry  and  weigh  the  pre- 
cipitated and  washed  uric  acid,  than  to  graduate  afresh  the  perman- 
ganate-solution, which  is  very  changeable,  and  thereby  to  calculate 
the  quantity  of  uric  acid. 

The  degree  of  concentration,  as  well  as  the  temperature,  of  the  uric 
acid-solution  must  also  be  carefully  noted,  for  at  different  tempera- 
tares  and  degrees  of  concentration  of  the  fluid,  the  permanganate 
of  potash  converts  the  uric  acid  into  several  different  combinations. 


section  lxix. 
Determination  of  the  Creatinine  in  the  Ueine. 

A.  Theory. — Creatinine,  as  we  know,  produces,  with  chloride  of  zinc, 
a  compound  of  creatinine-chloride  of  zinc  (Cg  H^  N3  O2,  Zn  CI.), 
which  is  tolerably  soluble  in  boiling  water,  but  only  very  slightly 
soluble  in  cold  absolute  alcohol.  The  compound,  according  to  my 
observations,  serves  exceedingly  well  for  the  quantitative  determina- 
tion of  this  very  important  constituent  of  the  urine — 100  parts  of 
creatinine-cliloride  of  zinc  corresponding  with  62*44  parts  of  crea- 
tinine. 

1  part  of  creatinine-chloride  of  zinc  requires  9217  parts  of 
alcohol  of  98  per  cent.,  and  5743  parts  of  alcohol  of  87  per  cent., 
for  its  solution. 

B.  Preparation  of  the  chloride  of  zinc-solution. — Chemically -pure 
oxide  of  zinc,  or  carbonate  of  zinc,  is  dissolved  in  pure  hydro- 
chloric acid,  and  the  solution  evaporated  to  a  thick  syrup  in  a 
water-bath,  until  all  the  free  hydrochloric  acid  is  completely  driven 
off.  The  residue,  when  cool,  is  dissolved  in  moderately  strong 
spirit  of  wine,  and  the  solution  diluted  until  it  has  a  specific 
gravity  of  1*20. 
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c.  Process, — From  200  to  300  C.  C.  of  the  urine  passed  within 
twenty-four  hours,  mixed,  and  accurately  measured,  are  treated 
with  a  little  milk  of  lime  until  the  urine  has  an  alkaline  reaction ; 
a  dilute  solution  of  chloride  of  calcium  is  then  added  as  long  as 
any  precipitate  is  formed.  After  an  hour  or  two  the  mixture  is 
filtered,  the  filtrate  and  washings  evaporated  as  quickly  as  pos- 
sible to  a  thick  syrup  in  the  water-bath,  and  the  syrup  mixed, 
while  warm,  with  from  40  to  50  C.  C.  of  alcohol  of  95  per  cent. 
The  well-mixed  mass  is  then  introduced  into  a  small  beaker-glass 
(the  basin  being  washed  out  with  a  small  quantity  of  spirits  of  wine), 
and  left  at  rest  six  or  eight  hours  in  a  cool  place  to  allow  of 
the  complete  separation  of  all  matters  which  are  capable  of 
being  precipitated.  The  fluid  is  then  filtered  through  a  very  small 
filter ;  and,  after  the  "fluid  has  completely  passed  through,  the  pre- 
cipitate is  placed  on  it,  and  washed  with  a  little  spirit  of  wine. 

If  the  collected  filtrate  exceeds  60  C.  C,  it  must  be  evaporated 
to  between  50  and  60  C.  C.  on  a  heated  iron  plate.  When  com- 
pletely cool,  4  C.C.  of  the  alcoholic  chloride  of  zinc-solution  is  added 
to  it,  the  mixture  well  stirred,  in  order  to  promote  the  formation 
of  the  precipitate,  and  then  left  for  two  or  three  days  covered  up 
in  the  cellar.  At  the  end  of  this  time  the  crystals  which  have 
formed  are  placed  on  a  filter  (weighed  and  dried  between  two  watch- 
glasses)  (Fig.  27),  always  making  use  of  the  first-obtained  filtrate 
for  the  purpose  of  washing  them  off. 

When  the  whole  of  the  creatinine-chloride  of  zinc  has  been 
brought  on  to  the  filter,  and  the  mother-liquor  has  drained  off,  it 
is  washed  with  a  little  spirit  of  wine,  until  the  spirit  runs  off 
colourless,  and  gives  no  reaction  with  chlorine.  The  washing 
must  be  effectual,  but  should  not  be  carried  on  unnecessarily. 
The  filter  with  the  creatinine-chloride  of  zinc  is  dried  at  100°  C. 
(212°  Fahr.)  and  weighed  between  two  watch-glasses.  100  parts 
of  the  creatinine  compound  correspond  with  62*44  parts  of  crea- 
tinine. 

The  creatinine-chloride  of  zinc  thus  obtained  appears  as  a 
lightish-yellow  powder,  which,  examined  under  the  microscope, 
is  found  to  consist  of  minute  yellowish,  transparent  globes  of  dif- 
ferent sizes,  with  well-defined  contours.  According  to  my  experi- 
ments, this  product  contains  about  94  per  cent,  of  pure  creatinine- 
chloride  of  zinc.  As,  however,  the  precipitation,  on  account  of 
the  solubility  of  the  compound,  is  never  absolutely  complete,  we 
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may  always  safely  consider  it  as  pure^  and  for  every  100  parts  of 
it  calculate  62'4.4  parts  of  creatinine.  In  this  way  both  errors  may 
be  held  as  compensated. 

The  alcoholic  extract  of  the  residue  of  the  urine  must  always  (as 
mentioned)  be  allowed  to  stand  for  several  hours  before  we  pro- 
ceed to  the  filtration  and  the  precipitation  of  the  creatinine.  Thereby 
all  matters  capable  of  being  precipitated^  and  especially  the  chlo- 
ride of  sodium,  are  separated.  Otherwise,  small  cubes  of  chloride; 
of  sodium  will  be  often  found  mixed  with  the  creatinine-chloride  of 
zinc,  and  render  the  whole  calculation  erroneous.  I  therefore 
always  advise  that  the  weighed  creatinine-chloride  of  zinc,  mois- 
tened with  absolute  alcohol,  should  be  subjected  to  microscopic 
examination.  It  must  have  the  form  described  in  Section  iii.  c.  1, 
and  be  absolutely  free  from  cubes  of  chloride  of  sodium. 

This  method  yields  satisfactory  results.  With  pure  creatinine, 
99  and  99*2  per  cent,  were  obtained  instead  of  100.  (Analytical 
Examples.) 


section  lxx. 
Determination  of  the  Albumen  in  the  Uiune. 

A.  Analysis  hy  weight. — The  quantitative  determination  of  albumen 
depends,  like  its  qualitative  analysis,  upon  its  coagulation  by  heat, 
and  requires,  for  its  complete  performance,  that  all  the  rules  laid 
down  (Section  xix.)  should  be  accurately  attended  to. 

Prom  20,  50,  to  100  C.  C.  of  filtered  urine,  according  to  the 
greater  or  less  amount  of  albumen  contained  in  it,  is  introduced 
into  a  beaker-glass  by  means  of  a  pipette. 

By  using  this  quantity,  we  have  not  more  than  from  0*2  to  0*3 
gramme  of  coagulated  albumen  to  deal  with,  and  the  operation  is 
rendered  much  more  simple.  When  the  urine  is  much  concen- 
trated, it  is  advisable  to  dilute  the  quantity  measured  off  before 
coagulating  the  albumen.  If,  for  example,  we  had  measured  off 
20  C.  C.  of  urine  highly  charged  with  albumen,  we  dilute  these 
with  80  C. C.  of  water;  50  C.  C.  of  urine  we  dilute  with  50  C.  C. 
of  water,  and  so  on.  If,  on  the  other  hand,  the  quantity  of  albu- 
men is  small,  100  C.  C.  of  the  urine,  for  example,  containing  not 
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more  than  from  0.2  to  0.3  gramme  of  albumen^  further  dilution  is 
not  advisable. 

The  beaker-glass  is  heated  for  half-an-hour  in  the  water-bath. 
If  there  is  not  sufficient  free  acid  in  the  urine,  if  no  coarse  flocculent 
coagula  appear,  and  if  the  supernatant  fluid  does  not  become  perfectly 
clear,  two  or  three  drops  of  acetic  acid  are  introduced  into  the  urine 
by  means  of  a  glass-rod,  and  the  heat  is  reapplied.  A  thick  floc- 
culent coagulum  will  then  soon  appear,  and  the  fluid  will  become 
clear.  All  excess  of  acid  must  be  avoided;  if  too  much  be 
added,  a  part  of  the  albumen  will  be  re-dissolved,  and  the  calcula- 
tion thus  rendered  erroneous.  On  the  other  hand,  the  urine  must 
under  no  circumstances  be  alkaline,  for  in  such  case  a  soluble  alka- 
line-albuminate  is  always  formed  which  is  not  coagulated  by  heat. 

The  acetic  acid  may  be  added  before  applying  the  heat;  but  in 
such  case  greater  care  is  required,  for  if  too  much  acid  be  added, 
boiling  will  produce  no  coagulation  whatever.  If  the  urine  be 
already  acid,  the  addition  of  acetic  acid  is  not  absolutely  necessary ; 
but  still  it  aids  much  in  the  production  of  the  thick,  flocculent,  and 
perfect  coagulation  of  the  albumen. 

If,  after  proper  attention  has  been  paid  to  these  precautions,  a 
thick  flocculent  coagulum  has  formed,  and  the  supernatant  fluid 
has  become  clear,  we  proceed  to  filtration. 

Pirst  of  all  we  pour  the  supernatant  fluid  upon  a  folded  filter, 
which  has  been  dried  between  two  watch-glasses,  weighed  and 
moistened  with  water.  The  fluid,  if  the  quantity  of  albumen  is 
not  too  great,  if  the  urine  has  been  properly  diluted,  and  the 
coagulation  completely  efiTected,  runs  through  clear  and  rapidly, 
the  greater  part  of  the  coagulum  being  left  on  the  filter.  When 
all  the  fluid  has  run  through,  the  albumen  is  washed  with  hot 
water  down  to  the  bottom  of  the  filter,  which  is  easily  effected. 
The  beaker-glass  is  now  washed  out  with  boiling  water,  the  remain- 
ing particles  of  albumen  in  it  being  loosened  with  a  feather,  and  the 
whole  of  it  thus  brought  on  to  the  filter.  The  albumen  is  then 
washed  with  boiKng  water  as  long  as  the  filtrate  gives  any  reaction 
with  silver  solutions,  or  until  no  residue  is  left,  when  a  few  drops 
of  it  are  evaporated  on  platina-foil.  If  the  operation  has  been  con- 
ducted according  to  the  process  here  given,  the  filtering  (which  may 
otherwise  be  long  and  tedious)  will  go  on  well  and  rapidly. 

The  filter  is  now  carefully  removed  from  the  funnel,  laid  upon 
one  of  the  watch-glasses  (Fig.  27),  and  dried  in  a  water-bath  at 
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100°  C.  (212°  Falir.)  until  (after  being  dried  over  oil  of  vitriol) 
it  ceases  to  lose  in  weight. 

Great  care  must  be  taken  that  the  albumen  is  not  dried  up 
into  a  horny  mass,  with  a  dry  crusted  surface,  which  sometimes 
happens,  in  consequence  of  too  large  a  quantity  of  it  being  em- 
ployed. In  such  case  some  of  the  moisture  remains  enclosed  withiii 
it,  and  takes  a  long  time  (six  to  eight  hours)  before  it  is  driven  off  at 
100°  C.  (212°  Pahr.).  The  drying  operation  can  only  be  considered 
as  complete,  when  the  filter  and  its  contents,  weighed  at  different 
intervals  of  the  drying,  give  the  same  results.  By  abstracting  the 
original  weight  of  the  watch-glasses  and  the  filter  from  the  weight 
thus  obtained,  we  learn  the  quantity  of  albumen  present,  and  can 
thereby  calculate  the  quantity  for  the  whole  of  the  urine. 

Two  sources  of  error  are  connected  with  this  method  of  determin- 
ing the  quantity  of  albumen.  In  the  first  place,  the  albumen 
during  its  coagulation,  abstracts  from  the  urine  a  part  of  its  colour- 
ing-matter, which  cannot  be  afterwards  separated  from  the  albumen 
even  by  long  washing  with  boiling  water.  Hence  the  albumen 
is  in  most  cases  when  dried  of  a  yellow,  or  rather  of  a  brownish, 
colour.  This  cause  of  error  is,  however,  very  insignificant,  and  need 
not  be  taken  into  consideration.  In  the  second  place,  earthy  phos- 
phates are  frequently  separated  with  the  albumen,  and  consequently 
the  quantity  of  albumen  appears  too  great.  If,  therefore,  very 
accurate  calculations  are  required,  the  dried  and  weighed  albumen 
must  be  burnt  with  the  filter  in  a  platinum  capsule  of  known  weight, 
and  all  the  carbon  driven  off  by  heat, — which  may  be  readily  effected 
in  a  capsule  inclined  at  the  proper  degree.  The  increase  of  the 
weight  of  the  capsule,  minus  the  known  weight  of  the  ash  of  the 
filter,  gives  the  ash-contents  of  the  weighed  albumen,  which  must 
be  subtracted  from  the  quantity  of  albumen  as  first  obtained. 

In  most  cases  this  additional  process  is  not  required.  I  have 
fully  satisfied  myself,  that  the  quantity  of  ash  obtained  from  albu- 
men coagulated  out  of  sufficiently  diluted  acid  urine,  is  very  small, 
and  has  scarcely  an  appreciable  infiuence  over  the  result. 

20  C.  C.  of  highly  albuminous  urine  are  diluted  with  80 
C.  C.  of  water,  in  a  beaker-glass,  and  coagulated  in  a  water-bath. 
The  coagulum  is  collected  on  a  folded  filter,  thoroughly  washed  and 
dried  at  100°  C.  (212°  Fahr.),  until  the  weight  is  constant.  The 
albumen  weighed  0*3573  gramme,  which  for  the  whole  twenty-four 
hours^  quantity  of  urine  (1050  G.  C),  gave  18*76  grammes.     After 
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incineration,  and  deduction  of  the  ash  of  the  filter,  0*001 3  gramme 
of  ash  remained  to  represent  the  albumen.  After  subtracting  this, 
the  twenty-four  hours^  quantity  of  urine  amounted  to  18 '6 9  grammes 
instead  of  18" 7 6  grammes,  as  first  obtained. 

A.  Volumetrical  Analysis,— Theory. — This  method,  proposed  by 
Bodeker,  is  based  upon  the  fact,  that  albumen  is  completely  pre- 
cipitated from" an  acetic  acid  solution  by  ferrocyanide  of  potassium. 
According  to  Bodeker,  one  equivalent  of  albumen  (Cj^^  Hjj2  N^g  O^^  Sg 
Equiv.  1612)  requires  for  its  precipitation  one  equivalent  of  ferro- 
cyanide of  potassium  (Equiv.  211). 

B.  Preparation  of  the  ferrocyanide  of  potassiurti-solution. — 1'309 
gramme  of  chemically  pure  ferrocyanide  of  potassium,  air-dried, 
and  which  has  not  effloresced,  is  dissolved  in  water,  and  the  mixture 
diluted  up  to  a  litre.  1  C.C.  of  this  solution  precipitates  0.01 
gramme  of  albumen  from  an  acetic  acid  solution. 

c.  Process. — The  filtered  urine  is  mixed  with  an  equal  volume  of 
acetic  acid  (concentrated  acetic  acid),  and  a  burette  filled  with  the 
mixture.  Six  filters,  made  of  carefully  selected  paper,  are  prepared 
for  use,  being  placed  on  funnels,  sprinkled  with  acetic  acid,  and 
washed  three  or  four  times  with  boiling  water.  The  subsequent 
filtration  is  thereby  rendered  more  rapid  and  complete. 

5  C.  C.  of  the  albuminous  solution  are  then  mixed  with  5  C.  C. 
of  the  ferrocyanide  of  potassium- solution,  and  the  mixture,  after  a 
long  and  thorough  shaking,  poured  upon  the  first  filter.  If  the 
ferrocyanide  of  potassium  is  in  excess,  the  mixture  passes  through 
the  filter  clear,  is  of  a  pale  yellow,  and  the  filtrate  is  not  precipitated 
by  ferrocyanide  of  potassium;  but  it  is  precipitated,  or  rendered 
flocculent,  by  the  albuminous  solution.  If  the  albumen,  however, 
is  in  excess,  the  filtered  mixture  is  somewhat  cloudy,  or  it  passes 
slowly,  and  then  it  is  found  that  the  filtrate  is  rendered  cloudy  or 
precipitated,  not  only  by  the  ferrocyanide  of  potassium,  but  also, 
and  curiously  enough,  by  the  acid  albuminous  solution.  Too 
much  of  the  albuminous-solution,  however,  must  not  be  added  to 
the  specimen  of  the  filtrate,  which  is  tested  for  an  excess  of  ferro- 
cyanide of  potassium ;  for  in  such  case  the  precipitate  of  hydro- 
ferrocyanide  of  albumen  is  completely  dissolved  in  an  excess  of 
albumen. 

According  to  the  result  obtained  from  the  first  tested  specimen,  a 
second  one  is  prepared,  in  which  either  the  quantity  of  albuminous 
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solution,  or  of  the  ferrocyanide  of  potassium-solution  added  is 
doubled.  In  this  way  we  proceed  until  we  find  that  the  solu- 
tion, of  which  too  little  has  up  to  this  time  been  added,  is  in 
excess.  Each  new  testing,  with  an  intermediate  quantity,  renders 
the  limits  narrower  and  narrower,  until  the  experiment  is  sufficiently 
accurate.  Rarely  have  we  to  make  more  than  five  or  six  experiments ; 
and  if  we  only  desire  an  approximate  idea  of  the  quantity  of  the 
albumen  in  the  fluid,  three,  or  at  most  four,  tests  suffice. 

Example, — 50  C.  C.  of  albuminous  urine  are  diluted  to  four  times 
their  volume  by  the  addition  of  150  C.  C.  of  dilute  acetic  acid  : 

The  filtrate  gave— 

The  four  times               Ferrocyanide  of  Ferrocyanide  of 

diluted  urine.                     Potassium.                       Albumen.  Potassium, 

1.  20  C.  C.  -  -        5  C.  C.      -  -            0              p  -  Precipitate. 

2.  20  C.  C.  -  -      10  C.  C.      -  -    Precipitate      -  -  0 

3.  20  C.  C.  -  -      7-5  C.  C.      -  -            0              -  -  Cloudiness. 

4.  20C.C.  -  -      8-8C.C.      -  -            0              -  -  Turbidity. 

5.  20  C.  C.  -  -      9-4  C.  C.      -  -  Slight  cloudiness  -  0 
G.     20C.C.  -  -      9-lC.  C.      -  -            0              -  -  0 

In  controlling  these  results,  it  was  found  that — 

(After  a  short 
time,    opal- 
escence. 
(  After  a  short) 
8.     20  C.  C.    -      -     9-2  C.  C.       -      -  j    time,  opal-  [  0 

(   escence.      ) 

Thus,  20  C.  C.  of  the  four-times  diluted  urine,  or  5  C.  C.  of  the 
original  urine,  contain  (according  to  the  6th  testing)  10x9'l  =  9ll 
milligrammes  of  albumen,  from  which  the  whole  quantity  contained! 
in  the  twenty-four  hours'  urine  may  be  readily  calculated. 

This  method  yields  only  approximate  results,  consequently  the 
process  by  weighing  is  preferable  to  it,  and  if  accurately  carried 
out,  after  the  manner  already  described,   is  both  convenient  and 
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SECTION  LXXI. 
LIME  AND  MAGNESIA. 

I.  Determination  of  the  Lime  in  the  Urine. 

A.  Volumetrical  method, — Theory. — This  method  of  estimating 
the  lime  in  the  mine  is  founded  on  the  fact,  that  the  whole  of  the 
lime  is  precipitated  as  an  oxalate  by  oxalate  of  ammonia,  from  a 
solution  of  phosphate  of  lime  rendered  acid  by  acetic  acid ;  and  that 
oxalate  of  lime  passes  at  a  red-heat  into  the  form  of  carbonate  of 
hme  and  caustic  lime,  whose  amount  may  be  ascertained  by  standard 
solutions  of  hydrochloric  acid  and  soda. 

B.  Preparation  of  the  solutions. — 1.  Standard  hydrochloric 
acid. — ^Each  C.  C.  of  hydrochloric  acid-solution,  employed  for  the 
purpose  of  estimating  the  lime,  should  be  so  prepared  as  to  corre- 
spond exactly  Avith  10  milligrammes  of  lime.  Consequently,  1 
litre  of  the  acid  should  saturate  10  grammes  of  lime,  or  18*93 
grammes  of  carbonate  of  soda.  To  prepare  this  solution  we  weigh 
off  two  portions — about  1  to  1*2  gramme — of  pure  carbonate  of 
soda,  which  has  been  previously  heated  to  redness.  Each  portion 
is  dissolved  separately  in  water  in  a  flask,  and  heated  to  boiling, 
after  adding  a  few  drops  of  tincture  of  litmus ;  dilute  h;  drochloric  acid 
is  then  added  until  the  blue  colour  has  passed  into  a  pale  red, 
which  does  not  disappear  with  continued  boiling.  The  object  of 
the  boiling  is  to  drive  off  the  free  carbonic  acid,  in  order  that  the 
passage  of  the  wine-red  (produced  by  the  carbonic  acid)  into  the 
pale  red,  may  be  distinctly  seen. 

The  experiment  is  repeated  with  the  second  portion  of  carbonate 
of  soda,  and  by  taking  the  mean  of  the  two  results  we  ascertain  the 
quantity  of  hydrochloric  acid  in  a  litre.  If,  for  instance,  we  find 
that  1  litre  of  hydrochloric  acid  corresponds  with  41*6  grammes  of 
carbonate  of  soda,  457  C.  C.  will  saturate  exactly  18*9  grammes. 
If,  therefore,  we  measure  off  457  C.  C.  of  the  hydrocliloric  acid  thus 
proved,  and  dilute  it  up  to  a  litre,  the  acid  will  have  the  desired 
strength.  1  C.  C.  corresponds  with  0*0189  gramme  of  Na  0,  C  O^, 
or  with  0*010  gramme  of  CaO.  The  accuracy  of  the  dilution 
should  be  ascertained  by  a  confirmatory  testing  with  carbonate  of 
soda. 

q2 
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2.  Standard  soda-solution. — The  soda-solution  must  accurately 
correspond  with  the  hydrochloric  acid,  that  is  to  say,  10  C.  C.  of  it 
must  exactly  saturate  10  C.  C.  of  hydrochloric  acid,  so  that  on  the 
addition  of  the  last  drop  of  the  10  C.  C.  of  soda-solution,  the  red 
colour  of  the  hydrochloric  acid  shall  pass  into  a  clear  blue.  Especial 
care  must  be  taken  that  the  soda-solution  is  perfectly  free  from 
carbonic  acid,  otherwise  the  change  of  colour  wiU  not  be  distinctly 
marked.  10  C.  C.  of  hydrochloric  acid  are  measured  off  by  the 
pipette,  and  introduced  into  a  beaker-glass,  and  coloured  with  a  few 
drops  of  tincture  of  litmus.  The  soda-solution  is  then  added  until 
the  mixture  turns  blue. 

Suppose  8  C.  C.  of  soda-solution  have  been  employed  to  the 
10  C.  C.  of  hydrochloric  acid,  we  measure  oif  800  C.  C.  of  the 
soda-solution,  and  dilute  up  to  a  litre.  Equal  volumes  of  the  two 
will  now  exactly  saturate  each  other.  The  correctness  of  the  dilu- 
tion should  be  proved  by  a  second  trial ;  if,  after  the  last  drop  of  the 
10  C.  C.  of  soda- solution  has  been  added,  the  red  colour  of  the  10 
C.  C.  of  hydrochloric  acid  changes  into  a  clear  blue,  the  soda-solution 
is  fit  for  use. 

c.  Process. — 100  to  200  C.C.  of  the  previously  filtered  urine 

are  accurately  measured  off  with  a  pipette,  and  introduced  into  a 
beaker-glass ;  ammonia  is  added  until  a  large  precipitate  is  thrown 
down,  and  the  precipitate  then  re-dissolved  by  the  careful  addition^ 
of  acetic  acid.  Erom  the  acetic  acid-solution  (which  must  con- 
tain but  a  few  drops  of  the  acid  in  excess)  thus  obtained,  the  lime  is 
thrown  down  by  oxalate  of  ammonia,  and  the  glass  allowed  to  stanc 
(covered)  in  a  warm  place,  until  the  whole  of  the  precipitate  has 
been  deposited,  and  the  supernatant  liquor  has  become  perfectlyj 
clear. 

In  most  cases  the  clear  fluid  may  be  drawn  off  by  a  syphon  in  th( 
course  of  six  or  eight  hours,  and  when  this  can  be  done  without 
loss,  it  saves  the  trouble  of  filtering.  The  remains  of  the  fluid, 
with  the  oxalate  of  lime,  is  poured  on  a  small  filter,  free  froi 
lime,  and  thoroughly  washed  with  hot  water.  The  filtrate  and  the 
water  washings  are  to  be  set  aside  for  the*  calculating  of  the 
magnesia. 

The  filter,  still  moist,  is,  with  the  precipitate,  now  placed  upon  a 
small  platinum  crucible,  dried,  and  heated,  until  the  whole  of  the  carbon 
is  consumed.  The  lime,  which  is  in  part  in  a  caustic  state,  is  carefully 
introduced  into  a  small  flask,  10  C.  C.  of  the  standard  hydrochloric 
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acid  added,  and  carefully  heated,  until  the  whole  of  it  is  dissolved, 
and  the  carbonic  acid  driven  off.  The  solution  is  then  coloured  of 
a  light  red  by  the  addition  of  four  to  six  drops  of  tincture  of  litmus, 
and  the  free  hydrochloric  acid  saturated  with  the  standard  soda- 
solution  until  the  blue  colour  returns. 

If,  at  this  point,  we  subtract  from  the  10  C.  C.  of  hydrochloric 
acid  which  have  been  added,  the  number  of  cubic  centimetres  of 
soda-solution  employed,  we  obtain  the  number  of  cubic  centimetres 
which  have  been  saturated  by  the  lime,  each  cubic  centimetre 
corresponding  with  10  milligrammes  of  lime.  Thus,  if  we  multiply 
by  10  the  number  of  saturated  cubic  centimetres  of  hydrochloric 
acid,  we  obtain  directly  the  per-centage  quantity  of  lime  in  the 
urine,  provided  100  C.  C.  have  been  employed  in  the  experiment. 
(See  Analytical  Proofs.)  If  we  wish  to  reckon  the  lime  as  phos- 
phate, then  1  C.  C.  of  hydrocliloric  acid  corresponds  with  18*45 
milligrammes,  3  CaO,  PO5. 

Determination  of  the  lime  hy  weight. — We  proceed  as  before,  pre- 
cipitating the  lime  as  an  oxalate  from  200  C.  C.  of  filtered  urine, 
acidulated  with  acetic  acid.  The  oxalate  of  lime,  well  washed  and 
dried,  is  removed  from  the  filter  into  a  platinum  crucible,  and 
exposed  for  some  time  to  a  strong  red-heat,  the  filter  being  also 
reduced  to  an  ash.  When  the  crucible  is  cool,  the  lime,  which  has 
been  in  part  brought  to  the  state  of  caustic  lime  by  the  heat, 
is  then  moistened  with  a  few  drops  of  pure  sulphuric  acid,  the 
crucible  being  closely  covered,  in  order  to  prevent  any  loss. 
On  being  again  heated,  the  lime  remains  as  sulphate.  The  crucible 
is  then  allowed  to  cool  and  is  weighed.  By  subtracting  the  weight 
of  the  crucible  and  the  ash  of  the  filter,  we  obtain  the  quantity  of 
sulphate  of  lime,  and  from  this  may  calculate  the  corresponding 
quantity  of  phosphate  of  lime. — The  conversion  of  the  oxalate  of 
lime  into  sulphate  of  lime,  by  heating  it  with  pure  sulphate  of  am- 
monia, is  more  convenient  than  the  evaporating  and  heating  with 
sulphuric  acid.     {Schrotter.) 

As  three  equivalents  of  sulphate  of  lime  correspond  with  one 
equivalent  of  phosphate  of  hme  of  the  composition  3  CaO,  POg,  we 
multiply  the  quantity  of  sulphate  of  lime  obtained  by  lu  =  0*7598, 
and  thus  obtain  the  corresponding  quantity  of  phosphate  of  lime. 
If,  on  the  other  hand,  we  wish  to  calculate  the  sulphate  of  lime  as 
CaO,  we  multiply  the  quantity  obtained  by  0*4118. 
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II.  Determination  of  the  Magnesia. 

1.  By  Weight, — The  fluid  which  has  been  separated  by  filtration 
from  the  oxalate  of  lime,  is  treated  with  ammonia  until  it  yields  an 
alkaline  reaction ;  in  this  way  the  whole  of  the  magnesia  is  thrown 
down  as  ammonio-phosphate  of  magnesia.  The  precipitate,  after 
being  left  at  rest  for  some  hours,  is  collected  on  a  filter  (whose  ash 
is  known),  and  well  washed  with  water,  to  which  one-fourth  of 
ammonia  has  been  added,  and  dried.  The  precipitate  is  then 
removed  as  completely  as  possible  from  the  filter,  and  put  into  a 
weighed  platinum  capsule.  The  filter  is  folded  up,  a  fine  platinum 
wire  twisted  spirally  round  it,  and  burnt  in  the  outer  portion  of 
the  flame. 

By  this  process  the  operation  with  the  phosphate  of  magnesia, 
which  is  otherwise  very  tedious,  is  much  simplified.  The  ash,  in  a 
very  short  time  becomes  perfectly  pure  and  white,  and  when  the 
combustion  is  complete,  is  added  to  the  precipitate.  The  crucible 
is  then  covered  with  the  lid,  and  exposed  for  some  time,  first  to  a 
very  gentle  heat,  and  afterwards,  the  lid  being  removed,  to  bright 
redness.     It  is  then  cooled  over  sulphuric  acid  and  weighed. 

Organic  matters,  and  particularly  uric  acid,  are  always  mixed  with 
the  ammonio-phosphate  of  magnesia,  thrown  down  in  this  way,  an 
they  produce  a  carbon  difficult  of  combustion;  consequently, 
it  is  necessary  to  expose  the  precipitate  for  a  long  time  to  a  re 
heat  in  an  open  crucible.  Tor  this  purpose,  it  is  convenient,  after 
burning  the  filter  in  the  manner  described,  to  lay  upon  the  ammonio 
phosphate  of  magnesia  contained  in  the  crucible,  a  small  bit  of  ni 
trate  of  ammonia  moistened  with  a  drop  of  water,  then  to  dry ;  heatin 
at  first  very  gently,  and  at  last  to  redness.  The  carbon  now  complete!; 
disappears,  and  we  thus  readily  obtain  the  phosphate  of  magnesia  as 
dazzling  white  mass.  The  ammonio-phosphate  is  converted  by  he 
into  a  pyro-phosphate  of  magnesia  (2  Mg  O,  P  O^). 

After  abstracting  the  weight  of  the  crucible  and  of  the  ash  of  the 
filter,  the  remainder,  added  to  the  quantity  obtained  of  the  phos- 
phate of  lime,  gives  the  entire  quantity  of  earthy  phosphates  in  the 
urine  examined.  If  we  wish  to  calculate  the  pyro-phosphate  of  mag- 
nesia as  pure  magnesia  (MgO),  we  must  multiply  the  quantity 
obtained  by  rrr,  that  is,  by  0'3604;  111  of  pyro-phosphate  of  mag- 
nesia corresponding  with  40  of  pure  magnesia. 
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2.  The  earthy  phosphates  may  be  more  conveniently  and  quickly 
determined  in  two  different  quantities  of  urine  in  the  following 
way: — 

a.  The  quantity  of  phosphate  of  lime  (3  Ca  0,  P  0  J  contained 
in  200  C.  C.  of  filtered  urine  is  accurately  determined  in  the  manner 
described  (Section  Lxxi.  c.) — 1  C.  C.  of  saturated  hydrochloric  acid 
corresponds  with  18 '45  milligrammes  of  phosphate  of  lime. 

h.  Other  200  C.  C.  of  filtered  urine  are  precipitated  with  ammo- 
nia, and  set  aside  for  six  or  twelve  hours  in  order  to  allow  of  the 
complete  separation  and  precipitation  of  the  whole  of  the  earthy 
phosphates.  The  fluid  is  tlien  removed,  as  far  as  possible,  with  a 
syphon ;  the  precipitate  collected  on  a  filter  the  weight  of  whose  ash 
is  known,  and  washed  with  ammoniated  water  (3  parts  water  to  1  part 
ammonia).  The  process  is  then  completed  as  described  under  the 
head  of  Magnesia  (Section  lxxi.  II.  1). 

This  second  estimation  gives  the  whole  quantity  of  the  earthy 
phosphates  (2  MgO,  P  O^  and  3  Ca  O,  P  OJ  contained  in  the  urine. 
If  we  subtract  therefrom  the  phosphate  of  lime  contained  in  the 
urine  first  examined  (<?),  the  remainder  will  represent  the  quantity 
of  phosphate  of  magnesia  in  the  urine. 

3.  By  volumetrical  analysis. — The  magnesia  is  precipitated  by 
ammonia  from  200  C.  C.  of  urine,  after  the  lime  in  it  has  been  first 
separated  by  means  of  oxalate  of  ammonia.  In  the  course  of  a  few 
hours  the  ammonio-phosphate  of  magnesia  is  collected  on  a  small 
filter  and  washed  with  ammoniated  water.  The  filter  is  then  broken 
with  a  glass  rod,  and  the  precipitate  washed  through  into  a  beaker- 
glass  and  dissolved  in  acetic  acid.  Should  (as  often  happens)  a  little 
uric  acid  remain  behind,  it  is  best  separated  from  the  solution  by 
filtration.  The  quantity  of  phosphoric  acid  in  the  fluid  thus  ob- 
tained is  then  accurately  determined  (see  Section  lxi.  C.  b).  The 
quantity  of  phosphoric  acid  obtained,  multiplied  by  0*563,  and 
the  corresponding  quantity  of  pure  magnesia  (MgO)  multiplied 
by   1*563,  give  the  corresponding  quantity  of  pyro-phosphate  of 


III.  Indirect  Determination  of  the  Lime  and  Phosphate  of 

Magnesia. 

In  indirect  analysis  no  actual  separation  is  aimed  at,  but  other 
conditions   are  obtained,  by  means  of  which  the  acids  and  bases 
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found  in  combination  can  be  calculated.  If,  for  example,  we  wish 
to  determine  potash  and  soda  together,  the  analysis  may  be  conducted 
in  such  a  manner  that  both  of  tliem  are  converted  into  sulphates. 
By  weighing  these  sulphates,  and  determining  the  quantity  of  sul- 
phuric acid  contained  in  them,  we  can  calculate  the  quantity  of  soda 
and  of  potash. 

The  same  holds  good  as  regards  the  lime  and  magnesia,  combined 
with  phosphoric  acid  in  the  urine.  To  carry  out  the  calculation, 
the  earthy  phosphates  in  two  specimens,  each  of  200  C.  C,  of  the  fil- 
tered urine  are  precipitated  by  ammonia,  and  the  fluid  filtered  off 
in  the  course  of  a  few  hours.  In  one  specimen  the  weight  is  ana- 
lytically determined  as  described  above  (Section  lxxi.  II.  I).  The 
other  specimen  is  washed  into  a  beaker-glass,  dissolved  in  acetic 
acid,  and  the  phosphoric  acid  in  it  then  volumctrically  determined 
(See  Section  lxi.  c.  h).  The  results  are  then  calculated  for  the 
twenty-four  hours^  urine.     We  now  know ; — 

a.  The  sum  of  the  earthy  phosphates 

r.  n/r    r^   -n/^     m  the  twentv-tour  hours  urme. 
2MgO,  PO5)  -' 

b.  The  sum  of  the  phosphoric  acid  corresponding  with  the  twenty- 
four  hours^  lime  and  magnesia. 

An  example  will  best  explain  the  calculation. 

Suppose  the  above  calculations  had  shown  that  the  twenty-four 
hours''  urine  contained  1  gramme  of  earthy  phosphates,  and  that  the 
phosphoric  acid  combined  with  the  earths  amounted  to  0*579  gramme. 
The  quantity  of  phosphate  of  lime  and  of  phosphate  of  magnesia 
may,  consequently,  be  obtained  in  the  following  way  : — 

If  all  the  phosphoric  acid  had  been  combined  with  the  lime,  the 
earthy  phosphates  would  weigh  1*264  gramme,  according  to  the 
following  proposition : — 

71   :  155  :  :  0*579  :  x. 

(Equiv.  P  0,)  Equiv.  3  Ca  0,  P  O,      (  Q^^^^tity  of  phos- 

^   ^  ^  ^  ^      ( phone  acid  found. 

X  =  1*264  gramme. 
As,  however,  the  whole  of  the  earthy  phosphates  weigh  less  (viz., 
1  gramme),  phosphate  of  magnesia  is  present,  and  forms  a  propor- 
tionate part  of  the  difference 

1*264 -1*000  =  0-264. 
This  quantity  of  phosphate  of  magnesia  is  obtained  in  the  following 
way  :— 
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44  :  111  :  :  0*264  :  ^.     ar  =  0*666  gramme  2  Mg  0,  POg. 
Thus  we  have  :- — 
The  whole  of  the  earthy  phosphates  -     -     -     -     =1-000  gramme. 
The  calculated  quantity  of  phosphate  of  magnesia  =  0*666  gramme. 

Remains,  therefore  3  Ca  O,  P  O5  =  0'334  gramme. 

Prom  these  details  the  following  short  method  of  calculation, 
applicable  in  all  cases,  may  be  deduced : — 

The  phosphoric  acid  contents  of  the  mixture  are  multiplied  by 
2*1831,  the  sum  of  the  earthy  phosphates  abstracted  from  the  product, 
and  the  remainder  multiplied  by  2*5227  ;  in  this  way  is  obtained  the 
phosphate  of  magnesia  contained  in  the  mixture. 

If  we  represent  the  sum  of  the  earthy  phosphates  obtained  by  S, 
and  the  phosphoric  acid  obtained  by  P,  the  calculation  may  be 
simply  expressed  in  the  following  formula  : — 

(Px  2-1831 -S)  2*5227. 

Then,  if  we  wish  to  calculate  the  lime  and  magnesia  in  the 
quantities  of  phosphate  of  lime  and  phosphate  of  magnesia  obtained, 
we  use  the  following  formula  :-^ 

3CaO,  PO5.    0*5420  =CaO. 
2MgO,P05.    0-3604  =  MgO. 


section  lxxii. 
Determination  of  the  Ammonia  in  the  XJeine. 

A.  T/ieor?/.— This  method  of  determining  the  quantity  of  ammonia 
in  the  urine,  first  proposed  by  Schlosing,  is  founded  on  the  fact : 
that  an  aqueous  solution  containing  free  ammonia,  loses  its  ammonia 
by  evaporation  in  the  air  at  ordinary  temperatures,  and  in  a  com- 
paratively short  space  of  time,  and  that  dilute  sulphuric  acid 
absorbs  the  whole  of  the  ammonia  contained  in  a  closed  space.  If, 
therefore,  we  place  an  aqueous  solution  of  ammonia  together  with  a 
measured  quantity  of  standard  sulphuric  acid  in  a  closed  space,  the 
whole  of  the  ammonia  will  in  a  short  time  enter  into  combination 
with  the  sulphuric  acid,  and  saturate  an  equivalent  amount  of  it. 
The  quantity  saturated  may  be  readily  ascertained  by  the  volumetrical 
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determination  of  the  non-saturated  portion  of  the  sulphuric  acid  with 
a  standard  soda-solution. 

B.  Preparation  of  the  solutions. — 1.  Standard  sulphuric  acid. — ■ 
^Fourteen  grammes  of  hydrated  sulphuric  acid  are  diluted  with  200 
grammes  of  water ;  and  when  the  mixture  is  cool,  we  ascertain  in 
the  usual  way  by  two  experiments  with  10  C.  C.  of  urine,  through 
precipitation  with  chloride  of  barium,  the  strength  of  this  dilute 
acid.  If  the  two  analyses  agree,  we  may  accept  the  result  as  correct. 
If,  for  example,  we  find  that  1 0  G.  C.  of  the  diluted  acid  contain 
0*505  gramme  of  sulphuric  acid,  they  will  then  be  exactly  saturated 
by  0*2146  gramme  of  ammonia  (NH3).  Consequently,  1  C.  C.  of 
the  dilute  acid   corresponds   with  0*02146    gramme   of   ammonia 

(NH3). 

2.  Standard  soda-solution. — We  ascertain  the  volume  of  a  care- 
fully prepared  solution  of  soda,  free  from  carbonic  acid,  which  is  re- 
quired to  saturate  10  C.  C.  of  the  standard  sulphuric  acid.  Eor  this 
purpose,  10  CO.  of  the  standard  sulphuric  acid  are  introduced  into 
a  small  beaker-glass,  a  few  drops  of  litmus-tincture  added,  and  the 
soda-solution  dropped  into  it  from  a  pipette,  until  the  fluid  becomes 
blue.  If  30  C.  C.  of  soda-solution  have  thus  been  used,  we  know, 
that  each  cubic  centimetre  of  it  corresponds  with  0*00715  gramme 
of  ammonia,  because  10  C.  C.  of  the  sulphuric  acid  (corresponding 
with  0*2146  gramme,  N  H3)  have  been  exactly  saturated  by  30  C.  C. 
of  soda-solution. 

c.  Process. — A  flat  glass  or  porcelain  cup — a  beaker  for  instance 
about  one  inch  high — is  placed  upon  a  plate  of  ground  glass,  which 
is  smeared  with  grease ;  and  10,  or  what  is  better,  20  C.  C.  of 
urine,  which  is  to  be  tested,  freed  from  mucus  by  filtration,  intro- 
duced into  it.  A  triangle,  made  of  a  glass  rod,  is  then  laid  upon 
the  cup,  and  upon  the  triangle  is  placed  a  flat  shallow  vessel  contain- 
ing 10  C.  C.  of  the  standard  sulphuric  acid.  A  bell-glass  having  its 
edges  ground,  and  smeared  with  grease,  is  then  placed  over  the 
apparatus,  so  as  to  enclose  an  hermetically  confined  space.  The 
whole  apparatus  is  displayed  at  Fig.  28. 

To  perform  the  operation,  the  bell-glass  is  raised,  and  a  sufiicient 
quantity  of  milk  of  lime  (10  C.  C.)  is  added  quickly  to  the  urine 
from  a  pipette,  and  the  glass  cover  immediately  replaced.  In  the 
course  of  forty-eight  hours  the  whole  of  the  ammonia  is  driven  ofl" 
from  the  10  or  20  C.  C.  of  urine  and  absorbed  by  the  sulphuric 
acid.     By   volumetrically    measuring  the  non-saturated  sulphuric 
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acid  with  so  da- solution,  we  ascertain  the  quantity  which  has  been 

Fig.  28. 


used  in  saturating  the  ammonia,  and,  consequently,  the  quantity  of 
ammonia  in  the  20  C.  C.  of  urine. 

Example. — 10  C.  C.  of  sulphuric  acid  =  0-505  gramme,  S  O3  = 
0*2146  gramme  NH3.  The  same  also  require  30  C.  C.  of  soda- 
solution  ;  hence  1  C.  C.  of  so  da- solution  corresponds  with  -~  = 
0-00715  gramme,  N  H  . 

At  the  end  of  the  experiment,  we  find  that  26  C.  C.  of  soda- 
solution  have  been  required  in  the  process.  Consequently,  a  quantity 
of  NH3  is  developed,  corresponding  with  4  C.  C.  of  soda-solution. 
The  20C.C.  of  urine,  therefore,  contain  4  X  0-00715  ^  0-0286 
gramme  of  N  H3  =  1*43  gramme,  N  H3  p.  m. 

My  own  experiments  show  that  fresh  healthy  urine  does  not  un- 
dergo alkaline  fermentation  in  forty-eight  hours,  but  these  experi- 
ments must  not  be  taken  as  true  in  all  cases,  for  as  we  well  know, 
some  kinds  of  urine  very  soon  become  alkaline.  It  is,  therefore, 
always  better  to  make  a  counter  experiment,  by  placing  a  similar 
quantity  of  urine,  to  which  milk  of  lime  has  not  been  added,  in  a 
second  apparatus,  and  observing  what  changes  take  place  in  it.  If 
we  find  that  the  urine  readily  undergoes  decomposition,  it  is  then 
desirable,  first  of  all,  to  separate  the  colouring  and  extractive  matters. 
And  for  this  purpose  we  prepare  a  mixture  of  a  solution  of  sugar  of 
lead  and  basic  acetate  of  lead — an  equal  quantity  of  each ;  measure 
off  30  C.  C.  of  the  urine,  and  add  to  it  an  equal  quantity  of  the  lead 
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solution,  filter  the  mixture,  and  then  take  from  the  clear  watery  filtrate 
40  C.  C,  corresponding  with  20  C.  C.  of  urine,  for  the  calculation 
of  the  ammonia.  With  perfectly  fresh  urine,  as  I  have  shown,  this 
precaution  is  not  necessary  {Journ.f.  pract.  Chemie,  Bd.  64,  p.  177). 
This  process  gives  very  satisfactory  results.      (See  Analytic  Proofs.) 


section  lxxiii. 
Determination  of  the  Ammonia  and  Potash  by  Means  of 

Bl-CHLORIDE    OF  PlATINUM. 

A  measured  quantity,  20  to  30  C.  C,  of  urine  are  introduced  into 
a  beaker-glass,  and  a  sufficient  quantity  of  bi-chloride  of  platinum, 
and  a  volume  three  times  as  large  of  a  mixture  of  alcohol  and  ether 
added  thereto.  The  precipitate  formed  is  removed  by  filtration  in 
the  course  of  twenty- four  to  thirty  hours,  well  washed  with  alcohol, 
to  which  a  little  ether  has  been  added,  and  dried.  The  precipitate, 
together  with  the  filter,  is  then  placed  in  a  platinum  crucible,  and 
heated  to  redness,  the  crucible  being  at  first  covered,  until  the  carbon 
of  the  filter  is  wholly  consumed,  a  proceeding  which  may  be  much 
hastened  by  giving  the  crucible  a  slanting  position.  The  remaining 
mass  is  treated  with  hot  dilute  hydrochloric  acid,  so  long  as  the 
acid  takes  anything  up  ;  the  platinum  which  remains  behind  is  then 
placed  on  a  filter,  whose  ash  is  known,  carefully  washed  with 
boiling  water,  and  the  filtrate  preserved  for  the  calculation  of  the 
potash,  as  will  be  presently  explained.  After  heating  and  weighing, 
we  now  obtain  the  quantity  of  platinum  (the  ash  of  the  filter  and  the 
weight  of  the  crucible  being  first  subtracted),  which  corresponds 
with  the  amount  of  potash  and  ammonia  together  contained  in  the 
urine. 

In  order  to  determine  the  quantity  of  the  potash,  the  hydrochloric 
acid  solution,  together  with  the  washing  water,  which  contains  the 
whole  of  the  potash,  is  reduced  by  evaporation  to  a  small  volume 
(1  to  2"0.  C.) ;  this  is  then  precipitated  by  30  drops  of  bi-cbloride  of 
platinum-solution  and  a  mixture  of  alcohol  and  ether  as  above-men- 
tioned.    After  twenty-four  hours,  the  precipitate,  which  contains  all 
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the  potash  in  the  form  of  potasso-chloride  of  platinum,  is  placed  on 
a  filter,  washed  with  alcohol  and  ether,  dried,  and  burnt  together 
with  the  filter ;  hydrochloric  acid  is  then  added  to  it  to  extract  its 
soluble  part ;  the  remaining  platinum  collected  on  a  filter  (whose  ash 
is  known),  dried,  heated  to  redness,  and  weighed. 

Ej  deducting  the  ash  of  the  filter  we  obtain  the  quantity  of 
platinum,  which  corresponds  with  the  quantity  of  potash.  The 
lifference  between  this  quantity  of  platinum,  and  that  which  was  first 
)btained,  corresponds  with  the  quantity  of  ammonia.  Thus,  for 
example,  if  we  find  the  total  quantity  of  platinum  to  be  0*1980 
:amme  for  the  potash  and  ammonia  in  30  C.  C.  of  urine,  and  (in  a 
jcond  calculation)  the  quantity  for  potash  only  0-1330,  the  quantity 
^hich  remains  for  the  ammonia  is  0'065  gramme  of  platinum  (0'1980 
0-1330). 

100  parts  of  platinum  correspond  with  17*182  parts  of  ammonia; 
msequently  0*065  platinum  (100  :  17*182  : :  0*065  :a')x  =  0*0116 
ammonia  in  30  C.  C.  of  urine. 

In  like  manner  we  reckon,  from  the  quantity  of  platinum  employed 
in  separating  the  potash,  the  quantity  of  potash  present  in  the  urine ; 
100  parts  of  platinum  corresponding  with  47*61  parts  of  potash. 


SECTION   LXXIV. 

Determination  or  the  Potash  and  the  Soda. 

A.  Direct  determination. — 30  C.  C.  of  urine  are  mixed  with  30 
C.  C.  of  baryta-solution  (composed  of  2  vols,  of  baryta-water  and  1 
vol.  of  cold  saturated  solution  of  nitrate  of  baryta.  See  Section  lx., 
B.  3.)  The  mixture  is  allowed  to  stand  for  some  time,  and  filtered; 
40  C.  C.  of  it,  corresponding  with  20  C.  C.  of  urine,  are  then 
measured  ofP,  and  evaporated  to  dryness  in  a  platinum  capsule  in  a 
water-bath.  The  residue  is  then  heated,  at  first  gently,  and  then 
strongly,  and  the  heat  continued  until  the  greater  part  of  the  car- 
bon has  undergone  combustion. 

The  operation  is  facilitated  by  moistening  the  burnt  mass 
with  a  little  pure  nitric  acid;    but  we  must  guard  against  over- 
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heating,  lest  a  portion  of  the  metalHc  chlorides  be  thereby  driven 
off. 

The  residual  mass  is  then  extracted  with  boiling  water,  and 
treated  (without  previous  filtration)  with  a  solution  of  carbonate  of 
ammonia  as  long  as  a  precipitate  is  thrown  down,  the  mixture 
filtered,  and  the  precipitate  thoroughly  washed,  and  the  filtrate,  acidu- 
lated with  hydrochloric  acid,  evaporated  to  dryness  in  the  platinum 
capsule.  The  residue,  when  thoroughly  dry,  is  heated,  to  drive  off  the 
ammoniacal  salts,  but  very  carefully,  in  order  that  no  loss  may 
result  from  decrepitation.  The  residue  is  again  dissolved  in  a  little 
water,  and  a  few  drops  of  ammonia  and  carbonate  of  ammonia 
added,  the  mixture  filtered,  the  precipitate  carefully  washed,  and 
the  filtrate  again  evaporated  to  dryness  in  a  previously-weighed 
platinum  capsule.  The  thoroughly-dried  residue  is  gently  heated 
to  drive  off  the  ammoniacal  salts,  left  to  cool  in  an  exsiccator,  and 
weighed. 

We  thus  obtain  the  whole  of  the  potassium  and  sodium  in  com- 
bination with  chlorine.  To  separate  the  two,  the  alkaline  chlorides, 
when  weighed,  are  dissolved  in  a  little  water,  bi-chloride  of 
platinum  added  in  considerable  excess,  and  the  mixture  evaporated 
almost  to  dryness  in  a  water-bath.  The  residue  is  then  treated  with 
spirits  of  wine  (80  per  cent.),  and  allowed  to  stand  for  some  hours, 
being  frequently  well  shaken.  As  soon  as  the  whole  of  the  sodio- 
chloride  platinum  is  dissolved,  and  the  supernatant  fluid  has  a 
deep  yellow  colour — a  sign  that  sufficient  bi-chloride  of  platinum 
has  [been  added — the  potasso-chloride  of  platinum  is  separated 
by  a  filter,  which  has  been  weighed  and  dried  at  a  temperature 
of  100°  C.  (212°  Fahr.),  washed  with  spirits  of  wine,  dried  at 
100°  C.  (212°  Fahr.)  and  weighed. 

The  corresponding  quantity  of  chloride  of  potassium  is  calculated 
from  the  potasso-chloride  of  platinum  obtained  (100  parts  of  the 
potasso-chloride  of  platinum  corresponding  with  30 '51  parts  of 
chloride  of  potassium).  By  subtracting  this  chloride  of  potassium 
from  the  whole  sum  of  the  alkaline  chlorides,  we  obtain  the  quantity 
of  chloride  of  sodium  as  the  difference. 

The  quantity  of  chloride  of  potassium  obtained  gives  the  corre- 
sponding quantity  of  potash  when  multipKed  by  0-6317  ;  and  the 
chloride  of  sodium  multiplied  by  0 '5302,  the  corresponding  quantity 
of  soda. 

B.  Indirect  determination  of  the  potash  and  soda. — This  method 
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)f  determining  the  potash  and  soda  is  not  as  accurate  as  the  former. 
The  jirinciple  of  this  indirect  method  of  analysis  has  been  already 
explained.     (Section  lxxi.,  hi.)     When  the  total  quantity  of  the 

•liloride  of  potassium  and  chloride  of  sodium  has  been  accurately 
determined  by  weighing  (as  described  under  a),  the  saline  mass  is 
dissolved  in  water,  the  solution  poured  into  a  beaker-glass,  the  cup 
thoroughly  washed  with  water,  and  (after  the  addition  of  a  few 
drops  of  neutral  chromate  of  potash-solution)  the  total  quantity  of 
the  chlorine  determined  by  a  standard  silver-solution.  (Section 
Lviii.,  II.)  If  we  know  the  total  amount  of  chloride  of  potassium 
and  chloride  of  sodium,  as  well  as  the  total  amount  of  chlorine,  the 
quantity  of  potash  and  soda  may  be  thereby  determined. 

The  total  quantity  of  chlorine  is  multiplied  by  2*1029,  the  sum 
of  the  metallic  chlorides  deducted  from  the  product,  and  the  re- 
mainder multiplied  by  0*36288.  We  thus  find  the  quantity  of 
chloride  of  sodium  contained  in  the  saline  mass,  and  this,  subtracted 
from  the  sum  of  the  metallic  chlorides,  gives  the  amount  of  cliloride 
of  potassium. 

Chloride  of  potassium  X  0*6317  =  potash. 
Chloride  of  sodium       X  0*5302  =  soda. 


section  lxxv. 

Determination  of  the  Carbonic  Acid  in  the  Urine. 

According  to  Marchand  (Journal  fir  Tract.  Chemie.,  .Bd.  44, 
p.  253),  the  free  carbonic  acid  in  the  urine  may  be  estimated  in  the 
following  way : — About  100  C.  C.  of  the  urine  to  be  tested  are  put 
into  a  glass  flask,  which  is  closely  fitted  with  a  doubly-perforated 
cork.  Through  one  opening  a  tube  is  passed,  which  dips  into  the 
urine,  and  which  at  the  other  end  is  drawn  out  into  a  fine  and 
readily-fusible  point.  Through  the  other  opening  in  the  cork  a 
doubly-bent  tube  is  passed,  one  leg  of  which  is  introduced  into 
an  empty  flask,  through  a  well-fitting  cork.^  This  flask  is  con- 
nected by  a  similar  tube  with  a  second  flask  filled  with  clear 
baryta  water,  which  again  is  connected  in  a  similar  way  with  one 
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or  two  other  flasks  half-filled  with  baryta  water — the  last  of  them 
being  connected  with  an  air-pump. 

When  the  apparatus  is  prepared,  the  urine  is  heated  in  a  water- 
bath  to  50°  or  60°  C.  (122°  to  140°  Fahr.),  and  the  air  slowly 
pumped  out.  The  fluid  soon  begins  to  boil  and  distil  over  into 
the  empty  flask,  a  cloudiness  of  carbonate  of  baryta  appearing  in 
the  baryta  solution.  In  the  course  of  a  half  or  three-quarters  of 
an  hour,  the  fine  extremity  of  the  first  tube  is  broken  off,  and  air 
drawn  through  the  apparatus.  The  precipitated  carbonate  of 
baryta  is  then  carefully  filtered,  and,  after  washing,  dissolved  in 
hydrochloric  acid,  precipitated  again  by  sulphuric  acid,  and  then 
weighed  as  sulphate  of  baryta.  Prom  the  quantity  thus  obtained 
we  reckon  the  amount  of  carbonic  acid  in  the  urine. 


section  lxxvi. 

Determination  of  the  whole  of  the  Nitrogen  in  the  Urine. 

The  urine  contains  nitrogen  under  several  different  forms,  as  in 
urea,  uric  acid,  creatine,  the  ammoniacal  salts,  &c.  It  is  of  impor- 
tance in  certain  physiological  inquiries  to  be  able  to  ascertain  the 
total  quantity  of  nitrogen  passed  by  the  urine  with  these  different 
compounds.  This  can  only  be  done  by  the  way  of  so-called  elemen- 
tary analysis.  And  here  we  meet  with  certain  difiiculties,  inasmuch 
as  the  urine  cannot  be  dried  without  losing  some  of  its  nitro- 
gen. These  difficulties  have  been  very  ingeniously  met  by  Karl 
Yoit,  whose  method  is  here  described. 

A.  Theory. — All  organic  nitrogenous  bodies  which  do  not  contain 
the  nitrogen  in  the  form  of  nitric  acid  (and  it  is  with  such  bodies 
that  we  have  to  deal  in  the  urine),  are  decomposed  when  exposed 
to  a  red  heat,  with  soda-lime,  all  their  nitrogen  passing  off  in  the 
form  of  ammonia.  The  ammonia  is  readily  absorbed  by  standard 
sulphuric  acid,  and  may  be  then  determined  by  volumetrical 
measurement.  I  equivalent  N  Hg  =  17,  corresponding  with  1  equi- 
valent N  =  14. 

B.  Preparation  of  the  solutions. — 1.  Standard  Sulphuric  Acid. 
The  sulphuric   acid   which   serves  for   this  purpose   must  contain 
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about  1  gramme  of  oil  of  vitriol  in  100  0.  C.  12*6  grammes 
of  oil  of  vitriol  are  weighed  and  diluted  up  to  a  litre.  The  quantity 
of  sulphuric  acid  in  each.20C.  C.  of  this  dilute  acid  is  then  deter- 
mined by  precipitation  with  chloride  of  barium  (see  Section  lxxii., 

B.  1). 

If,  for  instance,  we  have  ascertained  that  each  100  C.  C.  of  the 
acid  contains  I'O  gramme  of  sulphuric  acid,  then  this  quantity  will 
correspond  with  0*425  gramme  of  ammonia,  or  with  0*35  gramme 
of  nitrogen.  Consequently,  1  C.  C.  of  the  sulphuric  acid  corre- 
sponds with  0*00425  gramme  of  ammonia,  or  with  0*0035  gramme 
of  nitrogen. 

2.  Standard  soda-solution.  —  This  solution  must  be  of  equal 
value  with  the  sulphuric  acid,  that  is,  equal  volumes  of  both  must 
exactly  saturate  each  other.  20  C.  C,  for  example,  of  the  dilute 
acid,  slightly  reddened  v/ith  tincture  of  litmus,  must  be  exactly 
neutralised  by  20  C.  C.  of  soda-solution,  free  from  carbonic  acid, 
so  that,  on  the  addition  of  the  last  drop  of  the  20  C.  C.  of  the  soda- 
solution,  the  red  colour  of  the  sulphuric  acid  passes  into  a  clear 
blue.  (For  the  preparation  of  soda-solutions,  see  Sections  lxxi., 
B.  2,  and  lxxii.,  b.  2.) 

c.  The  distilling  apparatus. — The  neck  of  a  small  tubular  retort 
of  hard  glass,  the  bulb  of  which  is  about  6  centimetres  deep,  and 
3*5  centimetres  broad,  is  bent  at  a  distance  of  about  10  to  11  centi- 
metres from  the  bulb,  at  a  right  angle,  and  this  part  is  then  drawn 
out  over  the  lamp  into  a  tube  8  or  9  centimetres  long,  and  of  0*3 
centimetre  diameter.  This  part  of  the  neck  of  the  retort,  bent  at 
a  right  angle,  is  fitted  into  a  cork,  which  is  fixed  in  a  small  glass 
flask  capable  of  holding  130  C.  C.  The  cork  has  two  holes  in  it. 
Through  one  passes  the  limb  of  the  retort,  which  must  be  only 
raised  ^  few  millimetres  from  the  bottom ;  and  in  the  other  hole  a 
glass  rod  is  fixed  so  as  to  open  above  the  level  of  the  fluid.  The 
apparatus  must  be  made  air-tight ;  and  this  may  be  easily  proved 
by  filling  the  flask  with  water,  and  sucking  air  from  the  retort 
through  the  glass  tube.  If  it  be  properly  closed,  the  fluid  will  rise 
in  the  neck  of  the  retort,  and  remain  some  time  at  the  same  level. 

D.  Process. — 100  C.  C.  of  the  dilute  standard  sulphuric  acid  are 
introduced  into  the  flask ;  and  the  bottom  of  the  retort  is  covered, 
to  the  depth  of  about  1*5  centimetre,  with  soda-lime,  recently 
heated  to  redness.  The  apparatus  is  then  fixed  together.  5  C.  C. 
of  urine,  accurately  measured,  are  poured  upon  the  soda-lime,  and 
the  stopper  quickly  introduced.     The  soda-lime  must  be  sufficient 
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in  quantity  to  absorb  the  whole  of  the  urine,  so  that  no  fluid  remains 
standing  above  it.  The  mixture  rapidly  becomes  warm,  and 
bubbles  of  gas  rise  up  through  the  sulphjiric  acid ;  when  the  acid 
begins  to  pass  back  up  the  neck  of  the  retort,  the  retort  is  held 
by  the  hand  over  the  gentle  flame  of  Berzelius  spirit-lamp.  More 
gas-bubbles  are  thereby  developed,  and  this  is  continued  until  the 
development  of  gas  becomes  strong,  when  the  heat  is  suspended 
for  a  few  minutes. 

Great  care  must  be  taken  not  to  apply  too  great  a  heat ;  the 
greater  part  of  the  water  passes  off  very  quickly  from  the  urine, 
but  is  deposited  in  the  neck  of  the  retort.  And  here  commences 
the  most  difficult  part  of  the  operation — the  distillation  of  it 
over  into  the  sulphuric  acid.  If  the  quantity  of  watery  vapour 
given  off  is  very  great,  a  vacuum  may  be  formed  in  the  retort  in 
consequence  of  the  condensation  of  the  water  by  the  sulphuric  acid, 
and  the  sulphuric  acid  thus  rush  back  into  the  body  of  the  retort. 
Hence,  as  soon  as  this  return  of  the  fluid  commences,  and  it  invari- 
ably occurs,  the  retort  must  be  quickly  brought  over  the  lamp,  and 
strongly  heated.  In  this  way  the  last  portion  of  the  water  in  the 
mass  passes  over  with  a  slight  frothing  of  the  soda-lime. 

When  the  whole  of  the  water  is  driven  off  from  the  retort,  and 
has  been  taken  up  with  a  loud  absorption  by  the  sulphuric  acid, 
the  development  of  the  gas  proceeds  very  steadily  and  regularly. 
The  bottom  of  the  retort,  as  high  up  as  the  soda-lime,  should  be 
now  surrounded  with  a  close-fitting  fine  wire-gauze,  to  prevent 
any  bursting,  and  exposed  to  a  strong  heat.  The  mixture  thereupon 
first  becomes  black,  and  as  the  fire  gets  stronger,  burns  whiter, 
retaining  only  a  reddish  shade. 

When  the  gas-bubbles  begin  to  pass  off  slowly,  care  must  be 
taken  to  prevent  the  sulphuric  acid  getting  back  into  the  retort. 
When,  therefore,  the  acid  begins  to  rise,  the  fire  is  removed,  the 
glass-stopper  taken  out  of  the  retort,  and  air  drawn  by  means  of 
the  glass  tube  through  the  apparatus.  The  combustion  is  now 
complete ;  the  contents  of  the  flask  are  washed  into  a  beaker-gJass, 
a  few  drops  of  litmus  tincture  added  to  them,  and  the  non-saturated 
portion  of  the  sulphuric  acid  measured  with  an  equivalent  quantity 
of  the  soda-solution. 

Example. — 1  C.  C.  of  sulphuric  acid  =  0*0035  gramme  of  nitro- 
gen. The  quantity  of  urine  passed  in  24  hours,  1200  C.  C.  In 
the  process  5  C.  C.  of  urine  are  employed.     Of  the  100  CO.  of 
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sulphuric  acicl^  30  CO.  are  saturated  bj  volumetrical  measure- 
ment with  the  soda-solution. 

30  C.C.  sulphuric  acid  =  30  X  0*0035  gramme  =  0-1050 
gramme  nitrogen. 

The  total  quantity  of  nitrogen  passed  with  the  urine  in  24  hours : 
5  :  0-1050  :  :  1200  :^  =  23-2  grammes. 


SECTION    LXXVII. 

t  Determination  of  the  Pat  in  the  Ueine. 

Fat  is  not  usually  found  in  the  urine,  except  in  very  small  quan- 
tities, and  it  is  only  in  the  most  exceptional  cases  that  we  have  to 
ascertain  its  quantity.  If  such  a  calculation,  however,  be  required, 
we  must  evaporate  20  to  30  C.  C.  of  urine  to  dryness  in  a  water- 
bath,  and  dry  the  residue  thus  obtained  for  a  long  time  in  an  air- 
bath,  at  a  temperature  of  110°  C.  (230°  Eahr.).  To  extract  the 
fat  from  this  residue,  ether  is  poured  over,  and  carefully  mixed 
with  it,  and  the  mixture,  frequently  shaken,  allowed  to  digest  for 
some  time.  The  clear  ether  is  then  poured  off  into  a  Hght  glass 
tube,  which  has  been  weighed ;  fresh  ether  is  then  added  to  the 
residue,  and  the  operation  repeated  so  long  as  anything  is  taken  up 
by  the  ether.  The  ethereal  extracts  are  then  evaporated  in  the 
glass  cylinder,  and  the  residue  which  remains  is  calculated  as  fat. 

It  must  be  observed  that  when  the  urine  contains  free  lactic 
acid,  the  weight  of  the  ethereal  extract  of  the  residue  will  be  thereby 
increased — free  lactic  acid  being  itself  soluble  in  ether.  It  is  advis- 
able, therefore,  to  wash  the  residue  repeatedly  with  water,  until  it 
ceases  to  take  anything  up,  and  then  to  proceed  to  the  drying  and 
weighing. 
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THIRD     PART, 


SYSTEMATIC  DESCRIPTION  OF  THE  PROCESSES  EMPLOYED 
IN  THE  QUALITATIVE  AND  QUANTITATIVE  ANALYSIS 
OF  THE  URINE. 

SECTION   LXXVIII. 

I.  Qualitative  Analysis. 

The  qualitative  analysis  of  the  urine  is  carried  out  in  two  different 
ways_,  according  as  we  desire;  Ist^  to  ascertain  the  absence  or  the 
presence  of  any  one  particular  normal  or  abnormal  constituent  of 
the  urine ;  or,  2ndly,  to  obtain  a  complete  account  of  the  qualitative 
constitution  of  the  urine  as  passed  at  any  given  time. 

In  the  first  case,  a  few  tests  only  are  required;  but,  in  the 
second,  it  is  advisable  to  pursue  the  plan  pointed  out  as  applicable 
for  the  analysis  of  single  constituents  of  the  urine. 

Such  a  plan  is  given  in  the  following  section.  All  the  normal 
constituents  of  the  urine,  as  well  as  the  most  important  and  most 
common  of  its  abnormal  constituents,  are  taken  into  consideration. 

With  regard  to  those  which  are  seldom  met  with,  and  those  which 
require  large  quantities  of  urine  for  their  investigation,  the  reader  is 
referred  to  the  chapters  which  treat  of  them  in  the  First  Part  of  this 
work.  As  the  special  processes  requisite  for  the  investigation  of  all 
the  different  constituents  of  the  urine  have  been  already  given  at 
length  in  the  First  Part  of  the  work,  it  will  only  be  necessary  here  to 
give  in  a  tabular  form  the  operations  required ;  referring  to  the  First 
Part  for  the  particular  methods  of  carrying  them  out. 
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SECTION  LXXIX. 

A.  Process  to  be  followed  in  the  Examination  of  the 
Soluble  Constituents  of  the  Urine. 

1.  The  reaction  of  the  urine  is  first  tested  with  litmus  paper. 

a.  If  the  urine  is  acid,  and  contains  no  sediment,  we  proceed  as 
described  under  2. 

h.  If  the  urine  is  acid,  and  contains  sediment,  we  allow  the 
sediment  to  subside,  pour  off  the  clear  urine,  filter  if  necessary,  and 
then  test  as  described  under  2.  The  sediment  is  to  be  examined 
microscopically.     (See  Section  lxxx.) 

c.  If  the  urine  is  neutral  or  alkaline,  there  will  generally  be  a 
sediment  in  it ;  the  sediment  is  to  be  tested  microscopically  (Section 
lxxx.),  and  the  filtered  urine  as  described  under  2. 

2.  A  small  quantity  of  the  urine,  rendered  acid  (if  it  is  not 
already  so)  by  a  drop  of  acetic  acid,  is  heated  to  boiling.  If  a 
coagulum  is  formed,  which  does  not  disappear  on  the  addition  of 
nitric  acid,  it  most  probably  consists  of  albumen.  We  now  separate, 
by  boiling,  the  whole  of  the  albumen  (Section  xix.  c.)  from  a 
larger  quantity  of  urine  (500  to  600  C.  C),  filter,  and  treat  the 
filtrate  as  described  under  3. 

As  a  confirmatory  test,  the  reaction  with  nitric  acid  will  serve. 
(See  Section  xix.  b.  10).  If  the  quantity  of  albumen  is  very 
small,  the  nitric  acid  is  carefully  covered  with  a  layer  of  the  urine  to 
be  tested.  In  this  way  a  well-defined,  ring-shaped  cloudiness  is 
produced,  even  when  mere  traces  of  albumen  are  present.  (See 
Section  xix.  e.) 

The  coagulum  thus  obtained  is  either  white,  greenish,  or  reddish- 
brown. 

a.  If  white,  it  consists  of  pure  albumen. 

h.  If  greenishy  we  may  suspect  that  it  contains  some  biliary 
matters,  especially  if  the  urine  itself  be  likewise  deeply  tinged. 
(Section  xxiv.) 

c.  If  reddish-hrown,  we  may  suspect  the  presence  of  blood  in  it ; 
and  in  such  case  must  carefully  test  the  sediment.  (Section  lxxx.) 
The  dried  coagulum  is  treated  with  alcohol  and  a  few  drops  of 
sulphuric  acid.  If  the  fluid,  after  filtration,  has  a  reddish  colour,  it 
is  evaporated  to  dryness  and  heated  to  redness ;  the  residue  is  boiled 
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with  water,,  to  which  a  Uttle  hydrochloric  acid  has  been  added,  and 
the  solution  filtered  and  tested  with  sulpho-cyanide  of  potassium. 
If  a  red  colour  appears,  the  presence  of  iron  is  indicated,  and  shows 
that  blood  is  probably  present  in  the  urine. 

Hsemaline  in  solution  is  tested  by  Heller^s  method.  (Section 
XLiii.  E.)  A  specimen  of  the  urine  is  heated  to  boiling,  concen- 
trated caustic  potash  is  added,  and  the  colour  of  the  fluid  observed, 
as  well  as  the  colour  of  the  earthy  phosphates  which  are  separated 
in  thick  flocculi,  after  the  fluid  has  stood  at  rest  for  a  short  time. 

3.  From  400  to  500  C.  C.  of  clear  urine,  or  of  urine  from  which 
the  sediment  or  albumen  has  been  separated  by  filtration,  are 
evaporated  in  a  water-bath  to  the  consistence  of  a  thick  syrup,  and 
the  residue  obtained  divided  into  2  parts — J  and  |. 

a.  The  one-third  of  the  residue  is  extracted  with  strong  alcohol, 
the  undissolved  portion  allowed  to  subside,  the  solution  filtered,  the 
residue  again  washed  once  or  twice  with  strong  spirits  of  wine,  and  the 
solution  tested  as  follows  {act) ;  and  the  residue  as  described  under  c. 

aa.  A  small  quantity  of  the  alcoholic  solution  is  evaporated  nearly 
to  dryness  in  a  water-bath,  and  the  residue  tested  for  urea,  by  adding 
nitric  or  oxalic  acids.     (Section  ii.  d.  9,  a  and  b.) 

hh.  The  greater  part  of  the  alcoholic  solution  is  treated  with  a  few 
drops  of  milk  of  Kme,  and  afterwards  with  a  solution  of  chloride  of 
calcium  as  long  as  any  precipitate  is  thereby  thrown  down.  The 
filtrate  is  evaporated  in  a  water-bath  to  10  or  12  CO.,  introduced 
into  a  beaker-glass,  and  treated  when  cold  with  \  C.  C.  of  an 
alcoholic  solution  of  chloride  of  zinc.  The  mixture,  after  being 
well  shaken  becomes  first  of  all  cloudy,  and  then  throws  down 
creatinine-chloride  of  zinc.  The  precipitate  collected  in  the  course 
of  a  few  hours  is  then  tested  microscopically.     (Section  iii.  c.  1.) 

h.  The  two-thirds  of  the  residue  are  slightly  acidulated  with  hydro- 
chloric acid,  rubbed  up  with  powdered  sulphate  of  baryta,  and  then 
extracted  with  alcoholic.  The  alcoholic  solution  is  employed  in  test- 
ing for  hippuric  acid,  as  described  in  Section  vii.  e.  1. 

The  crystals  thus  obtained  are  examined  microscopically  {^late  I. 
Fig.  1),  and  as  far  as  the  materials  serve,  chemically  also.  (Section 
VII.  D.  7.) 

c.  The  residue  which  has  been  obtained  by  treatment  with  alcohol 
(as  described  under  a)  is  put  into  a  basin  with  dilute  hydrochloric 
acid  (1  part  acid  and  6  parts  water),  and  the  undissolved  portion 
separated  by  a  small  filter. 


I 


1 


THE  QUALITATIVE  ANALYSIS  OF  URINE.  247 

aa.  The  hydrochloric  acid  solution  contains  the  earthy  phosphates 
and  other  salts ;  the  phosphates  are  precipitated  by  neutralising  the 
solution  with  ammonia. 

hh.  The  residue  contains  mucus  and  uric  acid.  After  washing 
it,  the  filter  is  perforated,  and  the  residue  washed  (by  a  spirt- 
bottle)  into  a  small  test-tube,  2  or  3  drops  of  soda-solution  added 
to  it,  and  heated,  and  filtered. 

a-  The  undissolved  residue  is  mucus. 

/3-  The  filtrate  contains  the  uric  acid,  and  when  treated  with 
hydrochloric  acid  throws  it  down  in  the  form  of  crystals,  which  are 
then  tested  by  the  microscope.  (Section  vi.  c.)  The  remainder  is 
dissolved  in  nitric  acid,  carefully  evaporated  to  dryness,  and  sub- 
jected to  the  action  of  ammonia.  (Section  vi.  e.  1,  a.)  If  a 
purple-violet  colour  appears  uric  acid  is  undoubtedly  present. 

d.  The  alcoholic  extract  of  a  large  quantity  of  urine  is  required 

testing  for  lactic  acid.     (Section  xxvi.  c.) 

4.  Prom  3  to  4  C.  C.  of  fuming  hydrochloric  acid  are  mixed  in  a 
test-tube  with  20  to  24  drops  of  the  urine  to  be  tested.  If  uro- 
xanthine  is  present,  the  mixture  will  in  a  short  time  become  of  a 
violet-red,  or  of  an  intensely  blue  colour.  If  the  reaction  does  not 
follow  on  account  of  the  minute  quantity  of  uroxanthine  present,  it 
may  often  be  produced  by  the  addition  of  a  few  drops  of  strong 
nitric  acid.     (Section  ix.  3.  c.) 

5.  If  the  urine  has  more  or  less  of  a  deepish  brown  or  green,  &c., 
colour,  if  it  froths  much  on  being  shaken,  and  imparts  a  yellowish 
or  greenish  tinge  to  a  piece  of  filtering-paper  dipped  into  it,  it 
should  be  tested  for  bile. 

a,  A  small  quantity  of  urine  is  poured  into  a  conical-shaped 
glass,  and  nitric  acid  containing  nitrous  acid  is  dropped  into  it 
without  shaking.  (Section  xxiv.,  b.)  If,  in  the  lower  part  of  the 
fluid  a  colour  arises,  which  passes  through  the  shades  of  green,  blue, 
and  violet,  into  red,  and  finally  into  yellow,  the  presence  of  the  brown 
bile-pigment,  cholepyrrhine,  is  shown. 

If  there  are  only  mere  traces  of  bile-pigment  present,  the  nitric 
acid  should  be  carefully  covered  with  a  layer  of  the  urine  to  be 
tested ;  or  the  bile-pigment  must  be  previously  separated  by  means 
of  chloroform.     (Section  xxiv.  b.) 

h.  A  second  portion  of  the  urine  is  precipitated  with  basic  acetate 
of  lead,  the  precipitate  collected  on  a  filter,  washed,  dried,  and  treated 
with  alcohol,  to  which  a  few  drops  of  sulphuric  acid  have  been 
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added.    If  the  fluid  after  filtration  has  more  or  less  of  a  green  tinge, 
bile-green,  biliverdine,  is  present  in  it.     (Section  xxiv.  a.  h.) 

c.  In  testing  for  bile-acids  300  to  500  CO.  are  evaporated  in  a 
water-bath,  and  the  alcoholic  extract  employed.  (See  the  process. 
Section  xxv..  Test.)  Pettenkofer^s  test  is  tried,  as  there  explained, 
in  a  porcelain  basin. 

6.  To  test  the  urine  for  sugar  : — 

a.  Prom  15  to  20  drops  of  the  urine  in  question  are  diluted  with 
4  or  5  C.  C.  of  water,  \  C.  C.  of  caustic  soda  is  added,  and  a  very  dilute 
solution  of  sulphate  of  copper  then  dropped  into  the  mixture.  If 
sugar  is  present,  red  suboxide  of  copper  is  immediately  separated 
when  the  mixture  is  heated,  but  without  heat  only  after  long  stand- 
ing.    (Section  xxi.  d.  1.) 

As  confirmatory  tests  we  may  use  : — 

a.  The  potash  test.     (Section  xxi.  d.  8.) 
/3.  The  bismuth  reaction.     (Section  xxi.  d.  2.) 
7-  The  indigo-reduction  test.     (Section  xxi.  c.  7.) 
^-  The  silver-reduction  test.     (Section  xxi.  c.  10.) 
«•  The  fermentation  test.     (Section  xxi.  c.  9.) 
h.  If  the  reactions  given  under  a  are  not  decisive,  if  in  fact  only  a 
trace  of  sugar  is  present,  we  must  first  of  all  separate  it  in  a  pure 
form  (Section  xxi.  d.  ii.),  and  subject  the  solution  so  obtained  to 
the  tests  here  given. 

7.  If  the  urine  has  an  odour  of  rotten  eggs,  or  renders  brown 
or  black  a  piece  of  paper  moistened  with  acetate  of  lead  (Section 
XXXI.),  the  presence  of  sulphuretted  hydrogen  is  shown. 

8.  To  test  the  urine  for  inorganic  matters  a  portion  of  urine  (40 
to  50  C.  C.)  is  evaporated  to  dryness,  mixed  with  1  to  2  grammes 
of  spongy  platinum,  and  gently  heated  until  the  whole  of  the  carbon 
is  driven  off.  (Section  liii.  2.)  The  residue  is  then  boiled  with 
water,  and  the  solution  filtered  and  tested  as  follows : — 

a.  A  little  of  it  is  rendered  acid  with  hydrochloric  acid,  and 
chloride  of  barium  then  added  to  it.  A  white  powdery  precipitate 
shows  the  presence  of  sulphuric  acid. 

b.  A  second  portion  is  made  acid  with  nitric  acid,  and  a  silver- 
solution  added  to  it.  The  presence  of  chlorine  is  shown  by  the 
formation  of  a  white  curdy  precipitate. 

c.  A  third  portion  is  treated  with  acetate  of  soda,  acetic  acid,  and 
a  drop  of  solution  of  perchloride  of  iron.  The  formation  of  a  whitish  - 
yellow  gelatinous  precipitate  shows  the  presence  oi phosphoric^  acid. 
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d.  The  remainder  of  the  watery  solution  is  evaporated  to  dryness, 
and  a  portion  of  the  saline  mass  heated  to  redness  on  platinum-foil  in 
the  centre  of  the  flame.  A  yellow  colour  on  the  outer  part  of  the 
point  of  the  flame  indicates  the  presence  of  soda. 

e.  The  rest  of  the  saline  mass  (obtained  as  described  under  d)  is 
dissolved  in  a  few  drops  of  water,  and  chloride  of  platinum  added. 
The  presence  oi potash  is  shown  by  a  yellow  crystalline  precipitate. 

If  the  watery  extract  of  the  platinum -containing  ash  of  the  urine 
olds  in  it  lime  or  magnesia,  which  we  may  readily  learn  by  testing 
th  phosphate  of  soda  and  ammonia,  they  must  be  first  of  all 
separated  by  the  ordinary  analytic  process  (see  Presenius's  Qualita- 
tive Analysis,  11th  Ed.),  before  we  proceed  to  test  for  potash  and 
soda.  In  most  cases,  however,  the  watery  extract  has  an  alkaline 
reaction,  and  does  not  contain  any  of  the  earths. 

9.  The  residue  treated  with  water  (see  8)  is  heated  with  hydro- 
chloric acid,  filtered,  washed,  and  then  tested  as  follows  : — 

a.  A  small  portion  of  the  solution  is  boiled  with  a  drop  of  nitric 
acid,  and  sulphocyanide  of  potassium  added  to  it.  The  presence  of 
iron  is  shown  by  the  development  of  a  red  colour. 

h.  The  rest  is  treated  with  an  excess  of  acetate  of  soda,  and  tested 

I  for  lime  with  oxalate  of  ammonia. 
c.  All  the  lime  is  precipitated,  the  fluid  separated  by  filtration, 
and  ammonia  added  to  the  filtrate.  A  white  crystalline  precipitate 
pf  ammonio -phosphate  of  magnesia  shows  that  magnesia  is  present. 
I  Most  of  these  tests  (8  and  9)  may  be  applied  to  the  filtered  urine 
in  its  original  state;  but  the  results  necessarily  come  out  much 
more  clearly  and  distinctly  from  tests  apphed  to  the  ash  of  the 
urine. 

10.  In  testing  for  ammoniacal  salts,  50  to  100  C.  C.  of  urine  are 
treated  with  milk  of  lime  in  a  flask,  a  piece  of  moistened  turmeric- 
paper  being  suspended  in  it  by  means  of  a  cork.  If  ammoniacal 
salts  are  present,  the  paper  soon  becomes  brown.   (Section  xvii.) 

11.  The  presence  of  iodine  is  best  shown  by  distillation  of  the 
urine  with  sulphuric  acid.  (Section  Lxvi.  c.)  The  distillate 
obtained,  after  separation  of  the  sulphurous  acid,  may  be  tested  for 
iodine  with  a  few  drops  of  starch- solution,  and  careful  addition  of 
chlorinated-water,  or  what  is  still  better,  of  red  fuming  nitric  acid, 
instead  of  using  the  palladium-solution.  (Section  lxvi.  c.)  The 
smallest  quantity  of  iodine  gives  rise  to  the  formation  of  blue  iodide 
of  starch. 
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12.  A  large  quantity  of  urine  is  required  in  testing  for  phenylic 
acid,  not  less  than  50  to  60  pounds.     (Section  viii.) 

13.  Acetic  and  benzoic  acids  are  only  found  in  decomposed 
alkaline  urine.  The  test  cannot  be  trusted  if  less  than  5  or  6 
pounds  of  urine  are  employed.  Benzoic  acid  is  best  obtained  from 
diabetic  urine  which  has  undergone  fermentation.  To  separate 
these  compounds  we  must  proceed  as  described.  (Section  xxvii.  c, 
and  XXIX.  d.) 

14.  Butyric  acid  is  rarely  met  with  in  the  urine.  We  must  pro- 
ceed, in  testing  for  it,  according  to  the  process  described.  (Section 
XXVIII.)  Whenever  it  is  possible,  several  pounds  of  urine  should 
be  employed  in  the  operation. 

15.  Inosite  has  hitherto  been  only  found  in  the  urine  in  cases 
of  morbus  Brightii  and  diabetes.     (Section  xxiii.  d.) 

16.  Por  allantoine,  see  Section  xxxii.  e. 

17.  Large  quantities  of  urine  are  required  in  testing  for  xanthine. 
(Section  v.  d.) 

18.  Leucine  and  tyrosine  have  been  found  in  the  urine  in  cases 
of  acute  atrophy  of  the  liver,  in  typhus,  small-pox,  &c.  It  is 
probable  that  urine  of  this  kind  also  contains  valerianic  acid.  See 
Section  xxxiv.  e. 


SECTION  LXXX. 

B.  Microscopical  Characters  of  Urinary  Sediments. 

In  testing  for  urinary  sediments,  it  is  necessary  to  know  whether 
the  urine  has  just  been  passed,  or  whether  it  has  stood  some  time, 
and  is  undergoing  or  has  undergone  the  changes  which  result  from 
its  fermentation.  We  therefore  prove  its  reaction,  allow  the  sedi- 
ment to  subside  completely  in  a  closed  glass,  pour  off  the  supernatant 
fluid  (which  is  to  be  tested  according  to  Section  lxxix.),  and  then 
place  a  drop  of  the  sediment  on  the  object-glass.  If  the  quantity 
of  urine  is  small,  it  is  allowed  to  stand  in  a  champagne-glass  until 
it  becomes  clear,  the  supernatant  fluid  is  then  removed  by  a  pipette, 
and  a  drop  of  the  sediment  (collected  from  the  pointed  bottom  of 
the  glass)  placed  on  the  object-glass. 
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If  the  quantity  of  urine  is  large — the  24  hours'  urine — it  is  left 
at  rest  in  a  covered  glass,  the  clear  fluid  after  a  time  drawn  off  with 
a  syphon,  the  remainder  poured  into  a  champagne-glass,  and  the 
above  process  then  carried  out.  The  drop  placed  on  the  object- 
glass  of  the  microscope  is  slightly  compressed  by  the  covering-glass, 
and  systematically  investigated,  the  whole  of  it  being  carefully  sub- 
jected to  inspection.  Several  drops  should  be  tried,  one  after  the 
other,  and  it  is  advisable  to  take  them  from  different  layers  of  the 
sediment,  as  some  kinds  of  sediment  sink  more  rapidly  than  others. 

When  it  can  be  done,  two  microscopic  investigations  should  be 
made :  firstly,  of  the  urine  soon  after  it  has  been  passed ;  and, 
secondly,  when  it  has  stood  24  hours.  Oxalate  of  lime,  for  example, 
is,  generally  speaking,  not  found  in  freshly-passed  urine,  appearing 
only  some  hours  after  it  has  been  passed.  We  should  use  powers 
of  from  50  to  80  up  to  from  300  to  400  diameters.  If  the  urine 
has  been  filtered  in  order  to  separate  the  sediment,  and  the  sediment 
then  removed  by  scraping  it  from  the  filter,  care  must  be  taken  that 
fibres,  &c.,  of  the  paper  are  not  mistaken  for  constituents  of  the 
sediment. 

A.  Acid  urine. — 1.  Amorjphous  sediment,  formed  in  part  of  irregular 
masses,  or  arranged  in  branched  moss-like  row^s  of  exceedingly  small 
granules.     A  drop  of  it  is  heated  on  the  object-glass  : 

a.  If  complete  solution  follows,  the  presence  of  urates  is  indi- 
cated. When  it  has  cooled,  a  drop  of  hydrochloric  acid  is  added, 
and  it  is  allowed  to  stand  for  a- quarter  or  half-an-hour.  If  in  this 
time  rhombic  tables  of  uric  acid  are  formed,  the  proof  is  obtained. 
Tahle  I.  Fig,  2. 

In  most  cases  sediment  of  this  kind  consists  of  ac'id  urate  of 
soda,  and  is  recognised  by  its  reddish  colour.  Flate  II.  Figs. 
1^2.  The  sediment  is  tested  chemically  as  described.  Section 
xxxvii. 

With  these  sediments  are  very  frequently  associated  crystals  of  uric 
acid  and  of  oxalate  of  lime.  Plate  I.  Fig.  3,  and  Plate  II  Fig.  4. 
(See  2.) 

b.  If  the  sediment  does  not  dissolve  when  heated,  but  dissolves  in 
acetic  acid  without  effervescence,  it  most  probably  consists  of  phos- 
phate  of  lime.  We  decide  its  nature  by  chemical  tests.  (Section  xxxix.) 

c.  If  we  find  in  the  amorphous  sediment,  minute  shining  silvery 
drops,  strongly-refractive  of  light,  which  dissolve  in  ether,  the  pre- 
sence (difat  is  indicated.     (Section  xxx.) 
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2.  Sediment  containing  weU-clefined  crystals. — a.  Small  sliining, 
perfectly  translucent,  and  highly-refractive  rhombic  octohedra,  in- 
soluble in  acetic  acid,  are  formed  of  oxalate  of  lime.  Plate  J.  Fig. 
3,  Plate  II.  Fig.  4.     Section  xxxviii.     (300  to  400  diam.) 

h.  Four-sided  tables,  or  six-sided  plates,  of  the  rhombic  kind, 
often  forming  spindle-  and  tub-shaped  crystals  by  the  rounding  off 
of  their  obtuse  angles,  are  uric  acid.  Sediments  of  this  kind  are 
usually  more  or  less  discoloured.  Plate  I.  Figs.  2^3,  Plate  II. 
Fig.  4,  Plate  III.  Fig.  1.  (Section  vi.  c.)  "We  may  determine 
their  nature  chemically  by  the  murexide  reaction.  (Section  vi. 
E.  1,  a.) 

If  we  are  doubtful  as  to  the  nature  of  some  of  the  crystals,  the 
sediment  should  be  dissolved  in  a  drop  of  soda-solution  on  the 
object-glass,  a  drop  of  hydrochloric  acid  added,  and  the  characters 
of  the  crystals,  which  are  then  formed,  observed. 

At  the  conclusion  of  the  acid,  and  at  the  commencement  of  the 
alkaline  fermentation,  the  uric  acid  crystals  (which  are  now  more  or 
less  dissolved)  are  often  seen  to  be  studded  with  groups  of  prismatic 
crystals  of  urate  of  soda,  upon  which  again  are  deposited  concentri- 
cally-striped globes  of  urate  of  ammonia.  Not  unfrequently  solitary 
crystals  of  oxalate  of  lime  are  also  found  at  this  period. 

c.  Eegular  six-sided  tables,  M^hich  are  soluble  both  in  ammonia 
and  hydrochloric  acid,  and  carbonize  and  burn  when  heated,  and 
give  a  precipitate  of  black  sulphide  of  lead  when  boiled  with  plumbate 
of  potash,  consist  of  cystine, 

d.  Prismatic  and  often  wedge-shaped  crystals,  which  lie  some  of 
them  separately,  and  some  of  them  with  their  pointed  extremities 
so  disposed  as  to  form  more  or  less  of  a  circle,  consist  of  phosphate 
of  lime.  (Section  xxxix.  2.)  The  urine  containing  them  has  usually 
a  slight  acid  reaction. 

e.  Heavy  globular  granules  of  a  greenish-brown  colour,  and  with 
a  stellate  crystalline  structure,  may  consist  of  tyrosine.  A  solution 
of  it  in  ammonia,  when  saturated  with  acetic  acid,  throws  down 
its    characteristic    groups    of    long,    shining    needles.       (Section 

XXXIV.  B.) 

The  different  chemical  reactions  may  be  employed,  if  doubts 
exist.     (Section  xxxiv.  c.  2,  3,  4.) 

Urine  which   contains   tyrosine   very   often   also    contains  bile- 
pigments. 
f.  Hippuric  acid  is  very  seldom  met  with  as  a  sediment  in  the 
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form  of  needles  or  of  rhombic  prisms,  which  are  readily  soluble  iu 
boiling  water.     (Section  vii.  B.  d.) 

3.  Sediment  containing  organic  bodies. — a.  Wound  shreds,  formed 
of  regularly  disposed  rows  of  fine  points  or  granules,  consist  of 
coagulated  mucus,  and  are  often  accompanied  with  urate  of  soda. 
Plate  II.  Fig.  2.     (Section  xlii.) 

These  must  not  be  confounded  with  so-called  urinary  cyUnders. 
See  e.    (Section  xlv.) 

b.  Small,  contracted,  granular  corpuscles,  generally  united  by  their 
borders  into  overlapping  groups,  are  mucus-corpuscles,  (Section  xlii.) 
Plate  IL  Fig.  3. 

c.  Circular,  slightly  bi-concave  discs,  with  a  yellowish  tint,  which 
swell  out  on  the  addition  of  acetic  acid,  and  then  more  or  less 
rapidly  dissolve,  are  blood-corpuscles,     Plate  III.  Figs.  \  8f  %. 

Particular  attention  should  be  paid  to  the  distended  spherical 
forms,  as  well  as  to  the  angular,  jagged,  and  hacked  forms.  (Sec- 
tion XLIII.) 

When  blood  is  present,  the  urine  contains  albumen. 

d.  Pale,  round,  indistinctly-granular  vesicles  of  various  sizes, 
which  swell  out  considerably  under  the  action  of  acetic  acid,  lose 
their  granular  form,  and  often  present  nuclei  of  different  forms  and 
groupings,  are  jous-cells.  (Section  xliv.)  Plate  III.  Fig.  3. 
These  bodies  cannot  be  distinguished  from  mucus-corpuscles,  either 
chemically  or  microscopically. 

When  pus  is  present  the  urine  contains  albumen. 

e.  Cylindrical-shaped  bodies,  often  studded  with  blood-  and  pus- 
corpuscles,  and  accompanied  with  epithelial  cells  and  mucus-cor- 
puscles, are  so-called  urinary  casts.  (Section  xlv.)  Plate  /. 
Figs.  4,  5,  8f  6. 

aa.  Cylindrical  forms,  in  which  round,  nucleated  cells  are  dis- 
tinctly visible  through  a  fine  molecular  mass,  are  the  epithelial 
cylinders  of  the  renal  tubuli.     Plate  I.  Fig.  4. 

These  forms  are  usually  accompanied  with  unattached  club- 
shaped,  caudate,  spindle-shaped,  nucleated  epithehal  cells  of  the 
ureters,  pelvis  and  calices  of  the  kidneys.     Plate  I.  Fig.  4. 

bb.  Solid  cylinders  of  a  granular  character,  studded  with  granules, 
are  the  so-called  granular  kidney  cylinders.     Plate  I.  Fig.  6. 

These  cylinders  often  contain  blood-  and  pus-corpuscles,  as  well 
as  fat,  and  fat  granules,  crystals  of  oxalate  of  lime,  and  single 
epithelial  cells. 


254  MICROSCOPICAL  CHARACTERS 

This  sediment  also  frequently  presents  blood-  and  pus-corpuscles, 
as  well  as  the  free  epithelial  cells  named  under  aa.  Plate  I. 
Fig.Q. 

cc.  Solid  cylinders,  extremely  pale  and  diaphanous,  so  as  to  be 
often  with  difficulty  distinguished  from  the  surrounding  fluid,  are 
■  hi/aline  renal  cylinders.     Plate  I.  Fig.  5. 

These  forms  assume  a  yellow  colour,  and  are  thereby  rendered 
more  distinct  on  the  addition  of  a  solution  of  iodine  in  iodide  of 
potassium. 

Eorms  of  a  character  intermediate  between  bb  and  cc,  are  often 
met  with,  the  hyaline  cylinders  being  studded  with  fat,  pus- 
corpuscles,  and  fine  granular  masses,  having  more  or  less  of  a 
granular  aspect. 

The  presence  of  these  different  forms  should  always  be  sought  for 
in  albuminous  urine,  the  magnifying  power  used  being  of  180  to 
200  diameters. 

f.  The  various  forms  of  epithelial  cells. 

aa.  Pavement  epithelium.  Roundish,  longish,  or  polygonal  nu- 
cleated cells  of  the  internal  and  external  labia,  of  the  vagina,  of  the 
female  urethra,  the  bladder,  the  pelvis,  and  calices  of  the  kidneys. 
Plate  I.  Figs.  4,  5,  8f  6,  Plate  IL  Fig.  1. 

bb.  Cylindrical  and  egg-shaped  epithehum  of  the  under  layer  of 
the  mucous  membrane  of  the  bladder,  &c. 

cc.  Ciliated  epithelium  of  the  uterus. 

All  these  forms  become  distinctly  visible  under  the  microscope  on 
the  addition  of  a  solution  of  iodine  in  iodide  of  potassium. 

g.  Fermentation  cells  and  fungi,  formed  at  the  commencement  of 
the  acid  fermentation  of  urine,  accompany  sediments  of  urate  of 
soda,  free  uric  acid,  and  oxalate  of  lime,  but  are  met  with  especially 
in  diabetic  urine  which  has  undergone  decomposition. 

aa.  The  fermentation  fungi  consist  of  small  nucleated  cells,  which 
increase  by  gemmation,  forming  single  or  double  rows.  Plate  IL 
Figs.  1,  2,  8f  4. 

bb.  The  thready  fungi  often  form  a  covering  so  thick  as  to  over- 
shadow the  whole  field  of  the  microscope. 

h.  Short  delicate  bodies,  which  move  twisting  about  here  and 
there,  are  vibriones,  and  are  very  commonly  found  under  a  high 
power  in  weakly  acid  or  in  alkaline  urine.     (Section  xlvii.) 

i.  Spermatozoa  are  known  by  their  tadpole-like  form.     (Section 

XLVI.) 
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k.  Cancer  mass.     Tlate  III.  Figs.  5^6. 

1.  The  Sarcina  ventrkuli  is  very  seldom  met  with  in  the  urine. 
It  is  readily  recognised  by  its  characteristic  form.  See  p.  133, 
Kg-  3. 

B.  Alkaline  urine. — 1.  Sediment  containing  crystals. — Combina- 
tions of  vertical  rhombic  prisms,  which  are  soluble  in  acetic  acid, 
and  develope  ammonia  when  heated  with  caustic  soda,  are  crystals 
oi  amtnonio-jphosphate  of  magnesia.  (Section  xxxix.  1.)  Plate  II. 
Figs.  3^5. 

If  oxalate  of  lime  should  be  mingled  with  these,  the  sediment  is 
to  be  treated  with  a  drop  of  acetic  acid  under  the  microscope ;  the 
crystals  of  the  magnesian-phosphate  are  dissolved,  and  oxalate  of 
lime,  in  its  letter-cover  form  of  crystal,  remains. 

h.  Eoundish  opaque  masses,  studded  like  a  thorn-apple  with 
peculiar  fine  points,  and  glandular  conglomerates,  consisting  of 
small,  curved,  club-shaped  bodies,  consist  of  urate  of  ammonia, 
(Section  xxxvii.  2.     Plate  II.  Fig.  5.) 

2.  Sediment  containing  amorphous  masses. — These  masses,  when 
found  in  alkaline  urine,  usually  consist  of  phosphate  of  lime. 
(Section  xxxix.  2.) 

3.  Sediment  containing  organised  bodies. — In  addition  to  mucus-, 
Hood-,  and  pus- corpuscles,  &c.,  we  also  find  in  such  MimQ  fermenta- 
tion globules  and  thready  fungi,  infusoria  and  confervm.  (Sec- 
tion xLVii.)     Page  133,  Tig.  2. 


section  lxxxi. 

Mode  of  Preserving  Urinary  Sediments. 

As  it  is  often  desirable  to  preserve  urinary  sediments,  as  micro- 
scopical objects,  the  following  short  account  of  the  process  necessary 
is  here  introduced.  The  most  important  point  is  to  separate  the 
sediment  from  the  urinary  fluid,  as  the  urine  readily  undergoes 
decomposition,  and  organised  bodies  rapidly  form  in  it.  The  sedi- 
ment, therefore,  is  allowed  to  deposit  in  a  champagne-glass  the 
urine  removed  with  a  syphon,  and  the  sediment  washed  three  or 
four  times  by  decantation  with  that  particular  fluid,  which  is  after- 
wards used  in  making  the  preparation. 
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Two  methods  may  be  adopted :  either  the  washed  sediment  is 
introduced  into  a  very  small  tube,  which  is  then  filled  with  the 
preparation-fluid,  the  nature  of  its  contents  being  marked  on  it ;  or 
the  sediment  is  placed  upon  an  object-glass,  and  preserved  under 
the  cover-glass,  the  air  being  excluded. 

Of  the  different  preparation-fluids  applicable  for  this  purpose,  we 
may  mention  glycerine-solution,"^  creosote,  pyroxilic  spirit-solution,t 
and  dilute  rectified  spirit.  J  These  different  fluids  serve  best  for 
the  preparation  of  the  various  kinds  of  epithelia,  urinary  casts,  pus-, 
and  mucus-corpuscles,  fungiform  bodies,  uric  acid,  urates,  oxalate 
of  lime,  &c. 

Ammonio-phosphate  of  magnesia  is  best  preserved  in  water  to 
which  a  little  ammonia  has  been  added.  Yery  dilute  acetic  acid  is 
used  for  cystine.  CrystalKne  sediments  may  be  preserved  in  Canada 
balsam,  after  they  have  been  well  washed  and  thoroughly  dried. 
The  following  is  the  simplest  way  of  proceeding :  the  washed  sedi- 
ment is  placed  on  the  object-glass,  and  dried  in  the  sun  or 
over  sulphuric  acid;  it  is  then  moistened  with  a  drop  of  oil  of 
turpentine,  the  greater  part  of  which  is  allowed  to  evaporate.  A 
drop  of  Canada  balsam  is  now  placed  upon  it,  it  is  gently  warmed, 
any  air-bubbles  present  removed  with  a  needle,  and  covered  with  a 
glass  previously  warmed.  By  careful  pressure,  any  excess  of  balsam 
is  forced  out,  and  in  the  course  of  a  few  days  it  dries  up  and  closes 
the  border  of  the  preparation.  Eor  greater  security,  the  border 
may  be  smeared  with  asphalt  varnish,  an  article  of  commerce,  and 
readily  applied  with  a  cameFs-hair  brush. 

For  preservation  of  the  sediment  in  a  fluid,  we  proceed  as  follows : 
a  drop  of  the  sediment,  suspended  in  the  preparation-fluid,  is  placed 

*  Glycerine-solutiou  is  obtained  by  diluting  commercial  syrupy  glycerine 
with,  an  equal  quantity  of  camphor-water.  It  forms  a  most  excellent  pre- 
paration-fluid. 

t  Creosote  and  pyroxilic  spirit-solution  is  obtained  in  the  following  way : 
— Three  drachms  of  creosote  are  mixed  in  a  mortar  with  six  ounces  of  pre- 
cipitated chalk,  and  lime  added,  until  the  whole  is  converted  into  a  soft 
mass,  which  is  then  rubbed  up  with  64  ounces  of  water.  A  few  pieces  of 
camphor  may  also  be  added.  The  mixture  is  then  allowed  to  remain  for 
two  or  three  weeks  in  a  lightly-covered  glass,  being  frequently  stirred  up ; 
the  clear  fluid  is  then  poured  off,  and,  after  filtration,  is  preserved  in  a  well- 
closed  glass. 

X  Rectified  spirit  is  diluted  with  two  to  eight  times  its  quantity  of  water. 
It  is  not  well  adapted  for  microscopic  preparations,  as  it  is  difficult  to  ob- 
tain, when  using  rectified  spirit,  a  perfectly  air-tight  preparation. 
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on  the  object-glass,  and  the  glass-cover,  previously  moistened  with 
the  breath,  slipped  over  it  by  the  aid  of  the  forceps,  care  being 
taken  that  no  air  is  enclosed  wdth  it.  Any  excess  of  the  fluid  is 
removed  by  gentle  pressure,  and  carefully  taken  up  by  means  of 
filtering  paper.  The  preparation  is  then  laid  aside  for  some  minutes 
in  order  to  allow  the  rest  of  the  fluid  to  evaporate.  We  now 
place  the  preparation  under  the  microscope  to  see  that  the  whole  is 
in  order,  and  then  proceed  to  render  it  air-tight.  The  glass-cover 
is  first  fixed  to  the  object-glass  by  means  of  wax.  The  wick  of  a 
thin  wax-taper  is  cut  into  the  shape  of  a  chisel,  warmed  over  a 
spirit-lamp  until  the  w^ax  melts ;  but  it  is  not  allowed  to  flame. 
This  wick  is  then  held  horizontally,  and  passed  quickly  around  the 
edge  of  the  preparation.  Drops  of  wax  must  not  be  allowed  to  fall, 
and  in  fact  only  enough  of  it  left  around  the  border  of  the  pre- 
paration to  fill  up  completely  the  furrow  between  the  object  and  the 
cover-glasses.  The  whole  of  the  border  of  wax  must  not  be  more 
than  2  millimetres  broad.  With  a  little  practice,  the  wax  may  be 
laid  on  as  smoothly  as  fluid  with  a  brush. 

When  the  layer  of  wax  is  complete,  it  is  covered  with  asphalt 
varnish,  which  may  easily  be  laid  on  with  a  hair-pencil,  so  that,  in 
addition  to  the  wax,  it  covers  both  glasses  to  the  extent  of  2  milli- 
metres. The  whole  preparation  will  thus  be  about  6  millimetres  broad. 
In  applying  the  asphalt  varnish,  care  should  be  taken  that  all  the 
borders  are  well  covered,  and  that  no  air-bubble  is  anywhere  enclosed 
— satisfying  ourselves  on  this  point  by  means  of  a  lens.  Especial  care 
should  also  be  taken  not  to  make  this  first  layer  of  varnish  too  thick, 
for  in  such  case  it  hardens  only  on  the  surface,  and  the  deeper  parts 
of  it  remain  fluid,  and  thus  spoil  the  preparation.  I  have  lost  many 
j)reparations  in  this  way.  If,  after  24  hours,  the  layer  of  varnish 
has  become  solid,  a  second,  thicker  one,  is  then  laid  upon  it ;  and 
the  preparation  may  then  be  ticketed. 

The  object-glass  should  be  48  mm.  long,  and  28  mm.  broad.  On 
both  ends  of  it,  to  the  extent  of  10  mm.,  some  kind  of  covering 
should  be  stuck  with  a  solution  of  gum  or  silicate  of  potash  varnish, 
and  on  this  covering  the  ticket  is  to  be  fixed.  This  protective 
sort  of  covering  is  very  necessary,  for  when  it  is  used  the  prepara- 
tions may  be  packed  one  on  the  other  without  endangering  the 
cover-glass.  The  preparations  thus  perfected  should  never  be 
placed   on   their   edges,    for   in   this   position   they   arc   liable  to 
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spoil ;  they  should  always  be  laid  flat  in  the  box,  which  also  should 
be  lined  with  cloth.  The  process  here  described  is  appHcable  not 
only  to  urinary  sediments,  but  also  to  other  microscopic  prepara- 
tions. Complete  instruction  on  this  head  may  be  found  in  Welker's 
Aufbewahrung  microscopischer  Objecte,  Giessen,  1856,  as  well  as  in 
Keinhard^s  Das  Microscop  und  sein  Gebrauch  fur  den  Arzt, 
Leipzig  and  Heidelberg^  1857 ;  Medicinische  Hand-Bibliothek, 
Bd.  VII. 


SECTION    LXXXII. 


II.  Quantitative  Analysis  of  the  Ueine. 

Having  obtained  a  satisfactory  knowledge  of  the  qualitative  con- 
stitution of  the  urine  according  to  the  process  described  (Sections 
Lxxix.  and  lxxx.),  we  proceed  to  the  quantitative  analysis  of  its 
constituents.  Unfortunately  we  do  not  possess  plain  and  certain 
methods  for  determining  the  quantity  of  the  whole  of  the  con- 
stituents of  the  urine,  and  must  therefore  be  satisfied  with  a  know- 
ledge of  the  most  important  of  its  normal  and  abnormal  con- 
stituents. 

1.  QuantitT/  of  urine  passed  in  a  given  time.     (Section  l.) 

The  quantity  of  urine,   according  to  the  object  desired,  is  deter- 
mined either  for  24  hours  or  for  a  shorter  time.     Por  determining] 
the  quantity  in  cubic  centimetres,  see  Section  l. 

2.  Specific  gravity  of  the  urine.     (Section  li.) 
In  most  cases,  the  specific  gravity  of  the  urine  can  be  determined; 

with  the  urinometer  (Section  li.  1.).  But  if  great  exactitude  is ; 
required,  the  specific  gravity  must  be  obtained  by  weighing  the 
urine.     (Section  li.  2.). 

The  temperature  of  the  urine  must  of  course  be  taken  at  the 
same  time  as  its  specific  gravity. 

3.  The  quantity  of  the  water  and  of  the  soluble  constituents  of  the, 
urine.     (Section  lii.) 

10  to  15  C.  C.  of  urine,  in  a  porcelain  basin  of  known  weight,  arej 
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evaporated  in  a  water-bath,  as  described  in  Section  lii.,  and  the 
residue  dried  in  an  air-bath  at  100°  C.  (212°  Fahr.),  until  it  ceases 
to  lose  in  weight.  By  subtracting  the  weight  of  the  basin,  we  obtain 
the  amount  of  soluble  bodies  in  the  urine,  and  by  subtracting  these 
from  the  whole  weight  of  the  urine  employed,  we  obtain  the  quantity 
of  water  in  the  urine.  Much  more  accurate  results  are  obtained 
when  the  evaporation  of  the  urine  is  effected  in  the  apparatus 
described  in  Section  lii.  Pig.  12.      The  ammonia  which  is  liberated 

uring  the  evaporation  of  the  urine,  through  the  decomposition  of 
;he  urea,  is  calculated  for  urea,  and  added  to  the  residue  obtained  by 

eighing.     (Section  lii.  2.) 

4.  Inorganic  salts  of  the  urine.     (Section  Liii.) 

The  residue  obtained  by  the  process  3  is  mixed  with  1  to  2 
grammes  of  accurately- weighed  spongy  platinum,  and  gently  heated 
until  the  organic  parts  are  completely  burnt  off,  and  the  residue  has 
assumed  a  clear  grey  colour.  (Section  liii.  2.)  The  quantity  of 
inorganic  salts  is  obtained  by  subtracting  the  weight  of  the  crucible 
and  the  platinum. 

If  we  wish  to  determine  separately  the  constituents  which  are 
soluble  and  insoluble  in  water,  we  heat  the  residue  containing  the 
platinum  with  water  to  boiling,  filter,  wash,  and  evaporate  the  watery 
extract  to  dryness,  heat  to  redness  and  weigh.  The  weight  (as 
obtained)  of  the  salts  soluble  in  water  subtracted  from  the  total 
quantity  of  the  inorganic  constituents  gives,  as  the  difference,  the 
quantity  of  salts  insoluble  in  water. 

5.  Determination  of  the  colouring -matter  according  to  Vogel. 
The  process  is  carried  out  as  described  in  Section  liv. 

6.  Determination  of  the  chlorine  and  urea : 

A.  When  the  urine  contains  no  albumen.  50  0.  C.  of  urine  are 
mixed  with  25  C.  C.  of  a  cold  saturated  solution  of  caustic  baryta 
and  nitrate  of  baryta  (Section  lviii.  b.  4),  and  the  precipitate 
separated  by  filtration  through  an  unmoistened  filter. 

The  filtrate  obtained  is  divided  into  two  portions. 

a.  One  portion  is  slightly  acidulated  with  dilute  nitric  acid, 
15  C.  C,  corresponding  with  10  C.  C.  of  urine,  are  measured  off  with 
the  pipette,  and  treated  with  a  standard  solution  of  nitrate  of  mer- 
cury, dropped  out  of  Mohr's  pipette,  until  a  permanent  whitish 
cloudiness  appears  in  it.  Every  cubic  centimetre  of  the  mercury- 
solution  used  corresponds  with   10    milligrammes   of  chloride   of 

s2 
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sodium,   or  with   6*065   milligrammes  of  chlorine.     Tor  the  pre- 
paration of  solutions,  &c.,  see  Section  lviii. 

h.  The  second  portion  of  the  filtrate  is  not  made  acid,  but  15 
C.  C.  =  10  CO.  of  urine,  are  measured  off  with  the  pipette,  and 
the  quantity  of  urea  determined  by  a  standard  solution  of  nitrate 
of  mercury.  (Section  lx.)  This  is  added  out  of  a  pipette  until  a 
drop  of  the  mixture,  when  saturated  with  carbonate  of  soda  on  a 
watch-glass,  gives  a  distinct  yellow  colour.  If  the  mixture  remains 
white,  some  of  the  urea  still  exists  uncombined,  and  more  of  the 
mercury-solution  must  be  added. 

The  results  of  the  first  experiment  should  be  controlled  by  a 
second  one.  Each  cubic  centimetre  of  mercury-solution  employed 
corresponds  with  10  milligrammes  of  urea.  Fo^  preparation  of  the 
solutions,  &c.,  see  Section  lx. 

Corrections, — aa.  Urine  containing  more  than  2  per  cent,  of 
urea. 

If  more  than  30  C.  C.  of  the  mercury-solution  have  been  employed 
for  the  15  C.  C.  of  the  urine-mixture,  we  must  add  a  quantity  of 
water  equal  to  half  that  quantity  of  the  mercury-solution,  which  has 
been  used  in  excess  of  the  30  C.  C,  before  treating  the  mixture  with 
carbonate  of  soda.     (Section  lx.  d.  1.) 

hb.    Urine  containing  less  than  "^  per  cent,  of  urea. 

If  less  than  30  C.  C.  of  the  mercury- solution  have  been  employed 
for  the  15  C.  C.  of  the  urine-mixture,  we  must  subtract  for  every 
5  C.  C.  less  than  the  30  C.  C.  which  have  been  used,  0*1  C.  C,  and 
then  calculate  the  remainder  for  urea.     (Section  lx.  d.  2.) 

cc.    Urine  containing  from  \  to  \\  per  cent,  of  chloride  of  sodium. 

a.  We  must  subtract  2  from  the  number  of  cubic  centimetres  of 
mercury-solution  employed,  and  calculate  the  remainder  for  urea. 
(Section  lx.  d.  3.) 

b.  If  absolutely  correct  results  are  required,  the  chlorine  must  be 
first  of  all  separated  by  a  standard  solution  of  nitrate  of  silver.  We 
then  determine  the  quantity  of  urea  in  the  filtrate,  in  the  ordinary  way, 
with  the  mercury-solution,  making  allowance  as  usual  for  the  dilu- 
tion {bb)  which  has  been  caused  by  the  silver-solution.     (Section 

LX.  D.  3.) 

dd.    Urine  containing   carbonate  of  ammonia.     (Section  lx.,  d. 
A  measured  volume  of  urine  which  has  been  completely  precipi- 


OF  THE  URINE.  261 

tated  by  baryta-solution  (Section  lx.  d.),  is  subjected  to  distillation, 
and  the  ammonia  whicli  is  set  free  received  in  a  measured  volume 
of  standard  sulphuric  acid.  (Section  lx.,  d.  5,  b.)  Every  cubic 
centimetre  of  the  saturated  acid  corresponds  with  11*32  milli- 
grammes of  ammonia,  or  with  20  milHgrammes  of  urea. 

In  the  residue,  freed  from  ammonia,  the  quantity  of  undecom- 
posed  urea  is  determined  in  the  ordinary  way. 

B.  Urme  contairiing  albumen.  —  The  albumen  contained  in  a 
jertain   quantity  of  urine  is  coagulated   (Section  lx.  d.   4),   and 

Itered,  and  the  chloride  of  sodium  and  the  urea  determined  in  the 
isual  way,  after  precipitation  of  the  phosphoric  acid  by  baryta- 

)lution.     (Section  lx.  d.  4.) 

7.  Determination  of  the  phosphoric  acid.     (Section  lxi.) 
a.  Betermi^iation  of  the  whole  amount  of  it. — 50  C.  C.  of  urine 

re  treated  with  5  C.  C.  of  a  solution  of  bi-acetate  of  soda,  heated 

a  water-bath,  and  the  phosphoric  acid  measured  with  a  standard 
solution  of  acetate  of  uranic  oxide.  The  mixture  must  be  frequently 
tested  while  the  solution  is  being  added,  a  drop  of  it  being  treated 
with  ferrocyanide  of  potassium-solution,  as  already  described.  (Sec- 
tion LXI.  c.)  When  a  slightly-red  colour  appears,  we  know  that 
there  is  just  a  trace  of  excess  of  uranic-oxide  in  the  mixture,  and 
therefore,  that  enough  of  the  solution  has  been  added. 

Every  cubic  centimetre  of  the  solution  of  uranic  oxide  which  has 
been  used  corresponds  with  5  milligrammes  of  phosphoric  acid. 
(Section  lxi.  c.  a) 

h.  Phosphoric  acid  in  combination  with  alkalies. — 50  C.  C.  of 
urine  are  rendered  alkaline  with  ammonia  j  the  earthy  phosphates, 
in  the  course  of  a  few  hours,  removed  by  filtration,  the  precipitate 
washed,  and  the  quantity  of  phosphoric  acid  determined  (see  a)  in 
the  whole  of  the  filtrate  after  the  addition  of  5  C.  C.  of  the  acetate 
of  soda-solution. 

Every  cubic  centimetre  of  uranic  oxide-solution  employed  indicates 
5  miUigrammes  of  phosphoric  acid  combined  with  alkahes.  The 
quantity  thus  obtained  subtracted  from  the  total  amount  previously 
determined  gives,  as  the  difference,  the  quantity  of  phosphoric  acid 
combined  with  the  earths. 

8.  Quantity/  of  free  acids  in  the  urine.     (Section  lxiii.) 

A  solution  of  caustic  soda  graduated  with  pure  oxalic  acid  isL 
dropped  into   50   C.  C.    of  urine,  until   the   urine   loses  its  acid 
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reaction,  and  a  drop  of  it  on  litmus-paper,  neither  turns  the  blue 
red,  nor  the  red  blue.  Each  C.  C.  of  soda-solution  used  corresponds 
with  10  milUgrammes  of  oxalic  acid. 

9.  Betenmnation  of  the  sulphuric  acid,     (Section  LXiv.) 

100  C.  C.  of  urine  are  heated  to  boiling  after  the  addition  of  20 
to  30  drops  of  hydrochloric  acid,  and  a  standard  solution  of  chloride 
of  barium,  each  cubic  centimetre  of  which  indicates  10  milligrammes 
of  sulphuric  acid,  is  dropped  into  it,  until  an  excess  of  the  baryta  is 
shown  to  exist,  when  a  little  of  the  filtered  mixture  is  tested  with 
sulphate  of  potash.  If  we  have  up  to  this  point  used  12  C.  C,  and 
if  no  reaction  takes  place  when  only  11  C.  C.  have  been  used,  we 
are  sure  that  the  true  quantity  lies  between  11  and  12  C.  C.  We 
therefore  at  once  add  to  a  fresh  quantity  11  C.  C.  of  the  chloride  of 
barium- solution,  heat  it  to  boiling,  and  then  carry  out  the  process 
to  the  end.     (Section  lxiv.  c.) 

10.  Determination  of  the  sugar.     (Section  lxv.) 

The  urine  must  be  diluted  so  as  not  to  contain  more  than  \  per 
cent,  of  sugar  at  most.  10  C.  C.  of  the  standard  copper-solution 
are  therefore  measured  off,  and  diluted  with  40  C.  C.  of  w^ater,  and 
then  added  to  the  diluted  urine,  until  the  whole  of  the  copper  is 
reduced,  and  until  a  little  of  the  mixture,  made  acid  with  hydro- 
chloric acid,  and  tested  with  sulphuretted  hydrogen,  ceases  to  become 
cloudy.  In  most  cases  a  proper  dilution  of  the  urine  is  obtained  by 
mixing  5  C.  C.  of  diabetic  urine  with  95  C.  C.  of  water.  The 
dilution,  however,  must  depend  upon  the  quantity  of  sugar  in  the 
urine. 

The  volume  of  urine  employed  for  the  complete  reduction  of  the 
copper  contains  exactly  50  milligrammes  of  diabetic  sugar.  If, 
therefore,  we  have  diluted  the  urine  with  20  times  its  volume  of 
water  before  testing,  we  must  divide  20  X  5  =  100  by  the  number 
of  cubic  centimetres  employed,  in  order  to  obtain  the  percentage  of 
sugar  in  the  urine.     (Section  lxv.  c.) 

11.  Determination  of  the  albumen.     (Section  lxx.) 

The  process  described  in  Section  lxx.  must  be  followed  out. 

12.  Determination  of  the  uric  acid.     (Section  lxviii.) 

a.  Precipitation  with  hydrochloric  acid. — 200  C.  C.  of  urine  are 
treated  with  5  C.  C.  of  hydrochloric  acid,  of  sp.  gr.  I'll,  covered 
and  left  at  rest  for  24  to  36  hours  at  a  temperature  of  10"  to  20° 
C.  (50°  to  68°  Pahr.)  in  a  cellar.     In  most  cases  24  hours  are  long 
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enough.  The  fluid  is  then  removed  with  a  pipette,  and  the  crystals 
collected  on  a  small,  dried,  and  previously  weighed  filter.  After 
washing — the  water  dropping  away  should  not  have  an  acid  reaction 
—the  crystals  are  dried  at  100°  C.  (212°  Eahr.),  and  weighed. 
(Section  lxviii.  a.) 

If  the  urine  should  be  much  diluted,  or  contain  very  little  uric 
acid,  200  C.  C.  should  be  evaporated  to  50  C.  C.  before  the  addition 
of  the  hydrochloric  acid. 

The  washing-water  and  the  filtrate  are  then  accurately  measured, 
and  for  every  26  C.  C.  at  10°  C.  (50°  Tahr.),  or  for  every  17-5  C.  C. 
at  20°  C.  (68°  Eahr.),  1  milligramme  of  uric  acid  must  be  calculated 
as  remaining  in  solution.  The  quantity  thus  obtained  must  be  added 
to  the  quantity  as  directly  obtained. 

h.  Determination  of  the  uric  acid  in  the  residue  of  urine. 

20  C.  C.  of  urine  are  evaporated  to  a  syrup  in  a  water-bath,  ex- 
tracted with  alcohol,  and  the  remainder  treated  with  dilute  hydro- 
chloric acid;  the  uric  acid  is  then  separated  by  filtration  through 
a  dry  filter  whose  weight  is  known,  washed,  dried  at  100°  C.  (212° 
Eahr.),  and  weighed.  (Section  lxviii.  b.)  (I  much  prefer  the 
former  process.) 

c.  For  the  modification  required  by  the  presence  of  albumen,  see 
Section  lxviii.  c. 

13.  Determination  of  the  creatinine  in  the  urine. 

The  process  described  in  Section  lxix.  c.  must  be  followed. 

14.  Determination  of  the  lime  in  the  urine, 

200  C.  C.  of  urine  are  treated  with  ammonia,  the  precipitate  which 
forms  dissolved  in  as  small  a  quantity  as  possible  of  acetic  acid,  and 
the  lime  precipitated  with  oxalate  of  ammonia.  When  the  fluid  has 
become  perfectly  clear,  it  is  removed  by  a  pipette,  the  oxalate  of 
lime  collected  on  a  filter,  washed,  heated  to  redness,  and  graduated 
with  hydrochloric  acid  and  caustic  soda,  as  described.  (Section 
Lxxi.  c.) .  ICC.  of  saturated  hydrochloric  acid  corresponds  with 
10  milligrammes  of  lime,  or  with  18*49  milligrammes  of  tribasic 
phosphate. 

15.  Determination  of  the  magnesia  in  the  urine. 

a.  The  fluid,  as  obtained  above  (14),  is  mixed  with  the  washing- 
water,  and  the  magnesia  precipitated  by  ammonia  as  ammonio- 
phosphate  of  magnesia.  After  12  hours  the  clear  fluid  is  drawn  off 
by  a  pipette,  the  precipitate  collected  on  a  filter,  washed,  heated  to 
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redness,  and  weighed.  (Section  lxxi.  ii.  1.)  Or  the  ammonio- 
phosphate  of  magnesia  may  be  dissolved  in  acetic  acid,  and  the 
quantity  of  magnesia  determined  by  the  graduated  measurement  of 
the  phosphoric  acid  contained  in  the  precipitate.  (Section  lxxi. 
II.  3.) 

b.  200  C.  C.  of  urine  are  precipitated  with  ammonia ;  after  some 
hours  the  earthy  phosphates  which  separate  are  collected  on  a  filter, 
washed,  and  heated  to  redness.  (Section  lxxi.  ii.  2.)  The  quantity 
of  phosphate  of  lime  obtained,  subtracted  from  the  quantity  of 
earthy  phosphates  thus  collected,  gives,  as  a  remainder,  the  quantity 
of  phosphate  of  magnesia  (2Mg  0,  PO^)  present  in  the  urine.  I 
prefer  this  process  to  the  one  decribed  under  a. 

16.  Determination  of  the  ammonia  in  the  urine, 

20  C.  C.  of  urine  are  mixed  with  milk  of  Hme  in  the  apparatus 
described  and  figured  in  Section  lxxii.  c,  and  brought  under  the 
influence  of  a  measured  volume  of  standard  sulphuric  acid ;  the  non- 
saturated  portion  of  the  acid  is  (after  48  hours)  graduated  with 
caustic  soda  of  known  strength.     (Section  lxxii.  c.) 

17.  Beterminatioyi  of  the  iron  in  the  urine. 

200  C.  C.  of  urine  are  evaporated  to  dryness,  heated  until  all  the 
carbon  is  burnt  off,  and  dissolved  in  hydrochloric  acid ;  the  oxide  of 
iron  formed  is  then  reduced  by  boiling  with  sulphite  of  soda,  the 
mixture  allowed  to  cool,  and  diluted  to  60  C.  C.  The  quantity  of 
iron  present  is  determined  by  a  solution  of  permanganate  of  potash, 
whose  strength  has  been  ascertained  (immediately  before  using  it) 
by  a  solution  of  oxalic  acid  or  ferrocyanide  of  potassium.     (Section 

LXVII.) 

18.  Determination  of  potash  and  soda.     (See  Section  Lxxiv.) 

19.  Determination  of  the  fat.     (See  Section  lxxvii.) 

20.  Determination  of  the  free  carbonic  acid.     (See  Section  lxxv.) 

21.  Determination  of  the  iodine.     (See  Section  lxvi.) 

22.  Determination  of  the  total  quantity  of  nitrogen  in  the  urine. 
(See  Section  lxxvi.) 
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SECTION    LXXXIII. 

Til.  Practical  Directions  for  estimating  approximatively  the 

QUANTITY   OF   THE   DIFFERENT    CONSTITUENTS    PRESENT   IN 

THE  Urine. 

Although  we  are  enabled  by  means  of  volumetrical  analysis 
to  ascertain  very  quickly,  and  with  certainty,  the  quantity  of  most 
of  the  constituents  of  the  urine,  still  cases  occur  in  which  the 
physician  desires  to  know  at  once  whether  the  urine  contains  more 
or  less  of  a  particular  constituent  than  it  does  at  another  time. 

It  is  not  necessary  to  give  special  directions  for  the  approximative 
estimation  of  every  one  of  the  constituents  of  the  urine.  The  two 
processes  employed  by  Beneke  will  serve  as  examples  in  other  cases. 
(Beneke  :  "  Zur  Fhysiologie  und  Pathologie  des  phosjihorsauren  und 
oxalsauren  Kalks,'  Giittingen,  1850.) 

I.  Estimation  of  the  quantity  of  earthy  phosphates  (after  Beneke). 
— The  earthy  phosphates  are  held  in  solution  in  the  urine  by  its  free 
acid,  and  separated  from  it,  when  the  urine  becomes  alkaline. 
Hence  when  the  free  acid  of  the  urine  is  saturated  by  an  alkali,  a 
precipitate  will  form,  if  the  urine  contains  any  earthy  phosphates. 
And  according  to  the  amount  of  earthy  phosphates  there  will  be 
either  a  very  slight  cloudiness,  or  none  at  all,  or  there  will  be  a  more 
or  less  well-marked  precipitate,  the  variations  in  this  respect  being 
sufficiently  characteristic  to  enable  us  to  form  an  approximative  idea 
of  the  quantity  present  in  the  urine. 

If  we  always  employ  a  glass  of  the  same  diameter,  and  which 
contains  at  a  certain  mark  exactly  15  to  20  C.  C,  we  may,  as 
Beneke's  numerous  experiments  show,  distinguish  between  many 
different  degrees  of  cloudiness  or  precipitation.  If  we,  in  the  first 
place,  establish  a  scale  for  the  different  degrees  of  cloudiness  which 
arise,  and,  secondly,  measure  by  accurate  analysis  the  actual  quantity 
which  corresponds  with  each  degree  of  the  scale,  we  obtain  the  condi- 
tions requisite  for  the  performance  of  the  experiment. 

Seven  different  degrees  of  cloudiness  are  given  by  Beneke  for  the 
calculation  of  the  earthy  phosphates,  the  exact  quantity  correspond- 
ing with  each  of  which  he  ascertains  by  the  method  described  in 
Section  lxxi. 

Beneke  marks  : — 

1.  With  0,  urine,  in  which  on  being  boiled  in  a  test-tube,  mid 
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after  the  addition  of  10  to  15  drops  of  a  soda-solution  (1  part  of 
soda  in  12  parts  of  water),  no  turbidity  is  perceptible,  but  whicli 
remains  as  clear  as  it  was  originally ; 

2.  With  4,  urine,  which  when  similarly  treated  yields  a  slight 
opalescence ; 

3.  With  1,  urine,  which  when  similarly  treated  yields  a  strong 
opalescence,  yet  of  such  a  kind  that  objects,  as  the  borders  and  frame 
of  a  window,  may  be  distinguished  through  it ; 

.  4.  With  14,  urine,  which  on  addition  of  the  soda-solution  yields 
a  turbidity  so  strong,  yet  still  of  an  opalescent  nature,  that  objects 
can  be  scarcely  at  all  distinguished  through  it ; 

5.  With  2,  urine,  which  becomes  very  turbid,  and  loses  its 
opalescence ; 

6.  With  2i,  urine,  which  in  the  course  of  a  few  seconds  after  the 
addition  of  the  soda,  yields  a  considerable  precipitate  of  earthy 
phosphates ; 

7.  With  3,  urine,  which  immediately  forms  a  large  precipitate; 

8.  With  3  to  4,  urine,  which  separates  a  very  large  quantity  of 
earthy  phosphates  immediately  after  the  addition  of  the  soda. 

It  is  easy  to  see,  that  by  frequent  repetition  of  experiments  of  this 
kind,  a  person  may  soon  accustom  his  eye  to  the  diiferent  degrees  of 
turbidity,  so  as  to  be  able  readily  to  assign  their  true  place  in  the 
scale.  Cases  however  occur,  in  which  the  appearances  do  not  agree 
with  those  of  any  one  of  the  numbers  given ;  such  cases  may  be 
accurately  enough  marked  as  J,  |,  IJ,  1^,  &c. 

If  the  urine  is  alkaline,  we  must  share  it  equally  with  the  sedi- 
ment present  in  it,  then  boil  one  part,  and  according  as  the  alkaline 
reaction  is  weak  or  strong,  add  little  of  the  soda-solution  or  none 
at  all.  But  if  the  urine  contain  albumen,  this  must  be  coagulated 
by  boiling,  the  urine  filtered,  and  the  filtrate  then  tested  for  phos- 
phates. 

Beneke  finds,  after  careful  analysis,  that  his  scale  as  above  given 
represents  the  following  quantities  in  one  ounce  of  urine : — 
Urine  marked  0    contains  from  0-100  to  0*150  gramme  of  earthy 

phosphates. 

\  „  0-250  to  0-300 

„  1  „  0-400  to  0-450 

\\  „  0-550  to  0-600 

%  „  0-700  to  0-750 

2i       -    „  0-850  to  0-900 
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Urine  marked  3    contains  from  I'OOO  to  1'050  gramme  of  earthy 

phosphates. 
3  to  4      „  1-000  to  1-300  „ 

By  this  means  we  may  readily  reckon,  and  with  tolerable  ac- 
curacy, the  amount  of  earthy  phosphates  passed  with  the  urine  in 
24  hours. 

2.  Estimation  of  the  quantity/  of  oxalate  of  lime  (after  Beneke) . — 
Por  obtaining  an  approximative  idea  of  the  quantity  of  oxalate  of 
lime  in  the  urine,  Beneke  makes  use  of  a  method  similar  to  that  just 
described.  It  may  be  thus  shortly  explained :  In  testing  urine  for 
oxalate  of  lime,  it  is  necessary  on  eacli  occasion  to  allow  a  portion  of 
the  urine  to  remain  at  rest  in  the  test-glass  for  24  hours.  If,  at  the 
end  of  this  time,  a  sediment  has  collected  in  the  lower  end  of  the 
glass,  the  clear  fluid  is  poured  oft',  and  one  of  the  last  drops  of  it 
examined  under  the  microscope ;  this  must  not  be  omitted,  even  if 
no  distinct  cloudiness  be  observed  in  the  urine  tested.  If  we  find 
any  sediment  of  urates,  the  drop  is  gently  heated  on  the  object- 
glass,  and  the  urates  thus  dissolved ;  phosphate  of  lime  sediment,  if 
present,  is  removed  by  a  drop  of  acetic  acid ;  so  that  the  oxalate  of 
lime  alone  wiU  in  most  cases  be  left. 

By  operating  in  this  way,  and  by  always  using  only  a  single  drop 
of  the  urine  which  contains  the  sediment,  taking  care  also  to  cover 
the  drop  with  a  thin  glass  cover,  we  shall  be  able  to  decide  as  to  the 
quantity  of  oxalate  of  lime  present  in  the  urine. 

Beneke  has  given  a  table  of  the  different  quantities  of  lime : — 
Urine  marked  0  contains  no  oxalate  of  lime. 
\      „       very  little. 

1  „       little. 
1\      „        a  moderately  large  quantity. 

2  „        a  tolerably  large  quantity. 
%\      „        much. 

3  „        very  much. 
3  to  4  „        an  exceedingly  large  quantity. 

Every  one  can,  of  course,  make  tabular  scales  of  this  kind  for 
himself.  I  shall  therefore  content  myself  with  merely  giving  these 
methods  of  Beneke.  Similar  tables  can  be  made  for  estimating  the 
albumen,  uric  acid,  sulphuric  acid,  &c. 
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ANALYTICAL   PROOFS. 


I.  Table  for 


from  its  specific  gravity  the  quantity  of 
matters  dissolved  in  the  urine. 


Specific 

As  found  by 

Calculated 

Gravity. 

Weighing. 

by  0-233. 

per  1000. 

per  1,000. 

1-0160 

37-  4 

37-28 

1-0260 

62-  0 

60-58 

1-0154 

35-  1 

35-88 

1-0261 

60-  2 

60-81 

1-0213 

48-  6 

49-63 

1-0230 

56-  4 

53-59 

1-0230 

56-  0 

53-59 

1-0225 

49-  3 

52-42 

1-0240 

54-  1 

55-92 

1-0257 

60-  4 

59-88 

1-0275 

63-  9 

64-07 

1-0275 

64-  2 

64-07 

1-0217 

48-  5 

50-56 

1-0223 

52-15 

51-96 

1-0140 

31-08 

32-62 

1-0236 

56-64 

54-98 

1-0133 

30-87 

30-99 

1-0134 

31-06 

31-22 

1-0238 

57-09 

55-45 

1-0250 

60-47 

58-25 

1-0164 

3726 

38-21 

1-0135 

3335 

31-45 

1-0210 

48-54 

48-93 

1-0137 

32-55 

31-92 

1-0085 

19-16 

19-80 

1-0110 

24-96 

25-63 

■^ 

Mean. 

^ 

1-0200 

46-59 

46-52 

Erom  these  data  we  find  that  by  division  of  the  three  last  decimals 
of  the  mean  specific  gravity^  into  the  mean  quantity  of  solid  matters 
found  in  1000  grammes  of  urine_,  we  obtain  the  quotient  0-23295_, 
which  we  may,  as  H-aser  suggests,  conveniently  put  down  as  0*233. 
By  multiplying  with  this  quotient  the  three  last  of  the  4  decimals  of 
the  specific  gravity,  we  obtain  the  number  given  in  the  third 
column,  whose  difference  from  the  quantity  as  obtained  by  weight  is 
seen  in  the  second  column.     If  the  specific  gravity  is  only  given 
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with  three  decimal  figures,  the  2nd  and  3rd  decimals  multiplied  by 
2 '33  will  still  yield  an  approximative  estimation  of  the  quantity  of 
solid  matters  in  1000  parts  of  urine. 

II.  Determination  of  the  chlorine.     (Section  lviii.) 

The  comparative  analyses  are  conducted  in  the  following  order: — 

A.  Liehig's  method  with  a  standard  solution  of  proto-nitrate  of 
mercury.     (Section  lviii.) 

B.  Mohr's  method  with  a  standard  solution  of  nitrate  of  silver  in 
neutral   urine,   with   addition   of   chromate  of    potash.      (Section 

LVIII.  II.) 

c.  Analysis  with  a  standard  solution  of  silver,  the  urine  having 
been  precipitated  with  baryta-solution,  and  acidified  with  nitric  acid. 
(Section  lviii.  ii.) 

D.  Analysis  hy  weight.  The  urine  acidified  with  nitric  acid  is 
precipitated  with  nitrate  of  silver.  The  precipitate  is  washed,  dried 
with  fused  carbonate  of  soda-potash,  the  mass  treated  with  boihng 
water,  the  solution  filtered,  acidified  with  nitric  acid,  and  then  for  a 
second  time  precipitated  with  the  silver-solution.  The  chloride  of 
silver  thus  obtained  is  weighed,  according  to  the  ordinary  method,  in 
a  half-fused  state. 

E.  The  urine  is  accurately  precipitated,  as  in  d,  with  nitrate  of 
silver,  the  precipitate  reduced  by  heating  it  with  soda-potash,  the 
mass  treated  with  water,  and  the  filtrate  accurately  neutralised  with 
nitric  acid.  The  quantity  of  chlorine  in  this  solution  is  then  deter- 
mined by  Mohr's  method  with  a  standard  solution  of  silver,  with 
addition  of  chromate  of  potash. 

The  following  table  shows  the  results  obtained  by  these  different 
methods : — 

10  C.  C.  of  urine  gave  of  chloride  of  sodium  : — 


A. 

B. 

C. 

D. 

^- 

I.  0-153 
II.  0-1346 

III.  0-0904 

IV.  00721 

0-174 
0-158 
0-106 

0-0877 

0-0742 

0-155  ) 
0154) 
0137 
0-0909  ) 
0-0902  j 

0-0905  ) 
0-0905  j 
0-0719  \ 
0-0720  j 

(Kerner.) 
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It  appears  from  this  table,  that,  when  carefully  carried  out, 
Liebig^s  method  (a)  comes  nearest  to  the  analysis  by  weight.  The 
next  is  the  process  with  the  graduated  solution  of  silver,  the  urine 
having  been  previously  precipitated  with  baryta-solution  (c).  The 
method  e  gives  very  accurate  results.  The  results  of  Mohr's 
method,  b,  agree  least  of  all  with  the  analysis  by  weight.  The 
cause  of  these  differences  has  been  explained.     (Section  lviii.) 

III.  Determination  of  the  phosphoric  acid.     (Section  lxi.) 

A.  With  uranic-oxide  solution.     (Section  lxi.) 

The  volumetrical  analysis  was  performed  according  to  the 
method  previously  described  for  every  50  CO.;  and  the  estima- 
tion by  weight  for  every  100  C.  C.  according  to  the  ordinary 
method,  and  with  due  regard  to  all  requisite  precautions.  The 
ammonio- phosphate  of  magnesia,  before  it  is  subjected  to  a  red- 
heat,  was  moistened  with  nitrate  of  ammonia,  to  render  the  pyro- 
phosphate of  magnesia  perfectly  white. 

The  following  were  the  results  obtained  : — 

Yolumetrical  Analysis.     Analysis  by  weight. 
lOOCC.      .        .      0-1302      .        .      [l^^^l 


100  c.  c. 
100  c.  c. 

100  c.  c. 


0-2352  .    .   0-2342 

0-13899  {^'^^^^ 

0  1312  \^'^^^^ 

0.1312  .    .   I  ^.^3^^ 


A 


B.  With  perchloride  of  iron  solution.     (Section  lxii.) 

Eor  the  accurate  determination  of  the  quantity  of  iron  in  the 

perchloride  of  iron-solution,  every  10  C.  C.  of  it  are  precipitated 

with  ammonia,  &c. 
We  thus  obtain : 

a.  0-1125  gramme  i -p,    ^ 

b.  O-lMlgrammeJ    ^2    3* 

In  10  C.  C.  a  mean  of  0*1133  gramme  Y%  O3  =  0-07931  gramme Ee. 

Then,  again,  a  solution  of  phosphate  of  soda  was  employed,  con- 
taining 0-1185  gramme  of  phosphoric  acid  in  10  C.  C. 

If  to  10  C.  C.  of  this  solution  (no  further  diluted),  after  the  addi- 
tion of  10  C.G.  of  acetate  of  soda-solution,  11*5  C.  C.  of  perchloride  of 
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iron-solution  are  employed,  and  the  precipitate  corresponds  with  the 
composition  'Fe^  O3,  P  O5, — then 

1  Equiv.  Fe,  O3       1  Equiv.  PO,      Ye,0,  in  11-5  C.  C.  of  solution. 
80  ''         71-36         ••  0-130295:^ 

^  =  0-1163  gramme  PO5. 
To  bring  a  phosphoric  acid  solution  to  the  same  degree  of  dilu- 
tion as  the  urine,  10  C.  C.  of  the  above  solution  of  phosphate  of 
soda  are  treated  with  50  C.  C.  of  water,  and  10  C.  C.  of  acetate  of 
soda-solution. 

Of  this  to  the  moment  of  the  beginning  of  the  reaction  : — 
12     C.  C.  of  perchloride  of  iron-solution 

12-5  C.  C. 

have  been  employed ;  and  up  to  the  time  when  a  very  distinct,  and 
tolerably  deep-blue  colour  appears  : — 

12'7  C.  C.  of  perchloride  of  iron-solution, 

13-3  C.C. 

13-5  C.C. 
In  this  dilution  also,  in  order  to  arrive  at  the  very  commencement 
of  the  reaction,  an  excess — more  than  1  equiv.  of  Pcg  O3  to  1  equiv. 
of  P  O5 — must  be  added : — 

a.  0-3  C.  C.  Peg  CI3  solution;  corresponding  with  0*003399  grm.  Pe203. 
^.  0'6C.C.  „  ;  „  „     0-006798   „ 

c.  0-8  C.C.  „  j  „  „     0-009064    „        „ 

Consequently  too  much  phosphoric  acid  was  obtained : — 

a.  PO5  =  0-00303  gramme. 

b.  V0,  =  0-00606 

c.  PO5  =  0-00808 

To  produce  a  distinct  deep  blue  reaction,  the  following  excess 
must  be  added : — 

a.  1  C.C.  Pco  CI3  solution;  corresponding  with  0-01133  gramme 

Pe^  O3  =  0-01011  gramme  PO^. 

b.  1-6  C.C.  Pca  CI3  solution;  corresponding  with  0*01873  gramme 

Pe^  O3  =  0-01671  gramme  PO5. 

c.  1*8  C.C.  Pea  CI3  solution;  corresponding  with  0*02039  gramme 

Pe^  03  =  0-01818  gramme  PO^. 
As  an  average,  therefore,  an  excess  of  1-5  C.  C.  of  the  perchloride  of 
iron-solution  must  be  added  to  50  C.  C.  of  phosphoric  acid  solution, 
diluted  to  the  same  extent  or  thereabouts  as  the  urine.     The  error 
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is  also  discovered  when  we  use  the  perchloride  of  iron  solution,  pre- 
pared after  Breed's  formula,  10  to  15  milligrammes  of  PO5  being 
found  in  excess  in  50  C.  C.  of  urine.  If,  however,  we  employ  a 
perchloride  of  iron  solution,  whose  strength  has  been  determined  by 
a  trial  with  a  phosphoric  acid- solution,  diluted  to  about  the  same 
strength  as  the  urine,  the  error  becomes  very  small. 

These  investigations  were  conducted  at  my  desire,  by  my  friend 
Herr  Kemy. 

IV.  Determination  of  the  sulphuric  acid.     (Section  lxiv.) 

The  sulphuric  acid  was  determined,  in  the  one  case,  by  weighing  in 
every  100  C.  C.  of  urine;  and  in  the  other,  by  graduated  measurement 
up  to  the  neutral  point.     The  following  are  the  results  obtained : — 
By  weighing.  By  volumetrical  analysis. 

0-129  gramme  S  O3.  0-128  gramme  S  63. 

0-182       „  „  0-177       „ 

0-274       „  „  0-270       „ 

0-139       „  „  0-137       „ 

0-235       „  „  0-238       „ 

V.  Determination  of  the  sugar,     (Section  lxv.) 

0-4  gramme  of  pure  grape-sugar  was  dissolved  in  20  C.  C.  of 
urine,  and  diluted  up  to  100  C.  C. ;  consequently  the  urine  con- 
tained 2  per  cent,  of  sugar.  12*3  C.  C.  of  it  were  employed  in  the 
reduction  of  10  C.  C.  of  copper-solution.     Hence  we  have 

-.p  o    =  ^'03  per  cent. 

0-6  gramme  of  grape-sugar  were  dissolved  in  20  C.  C.  of  urine, 
and  diluted  up  to  100  CO.;  consequently  the  urine  contained  3 
per  cent,  of  sugar.  8*4  C.  C.  of  it  were  employed  in  the  reduction 
of  10  C.  C.  of  the  copper-solution.     Hence  we  have 

5x5       ^  ^„ 

— — —  =  2-97  per  cent. 

2  grammes  of  grape-sugar  were  dissolved  in  20  C.  C.  of  urine, 
and  diluted  up  to  400  C.  C. ;  the  urine,  consequently,  contained  10 
per  cent,  of  sugar.     10*5  C.  C.  of  it  were  required  for  the  reduction 
of  1 0  C.  C.  of  the  copper-solution.     Hence 
20  X  5 


10 


—  =  9-5  per 


cent. 
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YI.  Determination  of  the  uric  acid.     (Section  lxviii.) 

Every  200  C.  C.  of  a  uric  acid  solution  of  known  strength  were 
precipitated  with  5  C.  C.  of  hydrochloric  acid,  of  I'll  sp.  gr._,  at  a 
temperature  of  10°  to  12°  C.  (50°  to  54°  Tahr.).  About  7  to  10 
per  cent,  of  uric  acid  were  found  wanting — the  uric  acid  remaining 
in  solution.  As  an  average  of  10  experiments,  which  were  con- 
ducted at  the  same  temperature,  and  with  a  similar  amount  of  acid 
contents,  it  appeared,  on  measurement  of  the  filtrate  and  of  the  wash- 
ing water,  that  about  one  milligramme  of  uric  acid  remained  un- 
precipitated  in  every  26  C.  C. 

With  these  results,  as  data,  the  following  calculations  were 
made : — 

a.  200  C.  C.  of  urine  gave  0*0572  gramme  of  uric  acid.  The 
filtrate  and  washing-water  with  5  C.  C.  of  hydrochloric  acid,  and  at 
about  10°  to  12°  C.  (50°  to  54°  Fahr.)  =  270  C.  C. 

h.  200  C.  C.  of  the  same  urine  gave  0*0567  gramme  of  uric  acid. 
Filtrate,  &c.  =  265  C.  C. 

After  correction,  the  following  is  the  amount  of  uric  acid  in  this 
urine : — 

a.  As  found  directly,  0*0572  gramme — after  correction,  0*06760. 

b.  „  0*0567        „  „  0*06690. 


mean         .        0*06725. 

c.  200  C.  C.  of  the  same  urine,  to  which  0*1167  gramme  of  uric 
acid  was  added,  yielded  0*174  gramme.  Filtrate,  &c.  =  280  C.  C. 
12°  C.  (54°  Eahr.). 

d.  200  C.C.  of  the  same  urine,  with  0*1148  gramme  of  uric  acid, 
gave  0*1684  gramme  of  uric  acid.  Filtrate,  &c.  =  295  C.C. 
12°  C.  (54°  Fahr.). 

After  correction : — 

For  a.  0*1848  gramme  uric  acid. 

0*0672  gramme  contained  in  the  urine. 
0*1176  gramme  uric  acid  instead  of  the  0*1167  gr.  added. 
For  h.  0-1797  gramme. 

0*0672  gramme  contained  in  the  urine. 
0*1125  gramme  uric  acid  instead  of  the  0*1148  gr.  added. 
In  a  further  experiment,  conducted  in   a  similar  way,  0*0549 
gramme  were,  at  a  temperature  of  12°  C.  (54°  Fahr.),  found  instead 
of  the  0*0548  gramme  added. 

The  solubility  of  the  uric  acid  in  the  acid  fluid  naturally  increases 
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with  increase  of  temperature.  A.s  an  average  of  six  estimates, 
which  were  conducted  with  a  similar  quantity  of  acid,  but  at  a 
temperature  of  20°  C.  (68°  Fahr.),  only  96*6  per  cent,  of  the  uric 
acid  employed  was  found  again — the  above  corrections  (26  C.  C. 
fluid  =  1  milligramme  of  uric  acid)  being  adopted.  A  more  ex- 
tensive experiment  showed,  that  at  a  temperature  of  20°  C.  (68° 
Tahr.),  and  with  the  same  amount  of  acid  (200  C.  C.  fluid,  5  C.  C. 
of  hydrochloric  acid,  of  sp.  gr.  1*11),  17*5  C.  C.  of  the  filtrate  held, 
on  an  average,  1  miUigramme  of  uric  acid  in  solution.  The  follow- 
ing estimates  may  also  be  introduced  here : — 

Temperature  20°  C.  (68°  Eahr.).     17-5  C.C.  filtrate  =  1  miUi- 
gramme of  uric  acid. 


Uric  acid 
employed. 

Quantity  found  by 
direct  experiment. 

Filtrate  and 
washing-water. 

Corrected  quantity. 

0-1651  gramme. 
0-2375 
0-2375 
0-2375        „ 
0-1900        „ 
0-2228        „ 

01466  gramme. 

0-2215 

0-2203        „ 

0-2180 

0-1746 

0-2080 

330  C.  C. 

280     „ 
275     „ 
300     „ 
280     „ 
305     „ 

0-1647  gramme. 

0-2375 

0-2360 

0-2351 

0-1906        „ 

0-2254 

YII.  Determination  of  the  creatinine.     (Section  lxix.) 

0-8938  gramme  of  creatinine  were  dissolved  in  between  2  and  3 
C.  C.  of  water,  and  diluted  with  absolute  alcohol  up  to  160  C.  C. 
Each  50  C.  C.  of  this  solution,  in  which  0'2793  gramme  of  crea- 
tinine was  dissolved,  were  measured  off,  and  precipitated  by  \ 
C.  C.  of  an  alcohoHc  solution  of  chloride  of  zinc,  of  sp.  gr.  1*195. 
After  standing  48  hours  in  the  cool,  the  precipitate  was  carefully 
removed  on  to  a  filter,  dried  at  100°  C.  (212°  Fahr.),  and  the  filtrate 
obtained  always  used  again  in  the  formation  of  the  precipitate.  The 
washing  with  absolute  alcohol  was  commenced  when  the  mother- 
liquor  had  completely  run  off.  "When  dried  at  100°  C.  (212°  Fahr.) 
the  following  results  were  obtained  : — 

1.  0-2793  gramme  of  creatinine  gave  0-4438  gramme  of  creatinine- 
chloride  of  zinc,  corresponding  with  99-2  per  cent. 

2.  0-2793  gramme  of  creatinine  gave  0-4429  gramme  of  creatinine- 
chloride  of  zinc,  corresponding  with  99*0  per  cent. 

3.  0-2793  gramme  of  creatinine  gave  0-4439  gramme  of  creatinine- 
chloride  of  zinc,  corresponding  with  99-2  per  cent. 
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Por  the  sake  of  correction,  an  estimate  of  the  nitrogen  was  made 
with  the  creatinine-chloride  of  zinc  :  0*3453  gramme,  dried  at  100° 
C.  (212°  Pahr.),  gave  0*0798  gramme  of  nitrogen,  corresponding 
with  23-1  per  cent,  of  nitrogen;  whilst,  according  to  calculation,  it 
should  have  amounted  to  23*21  per  cent.  Consequently,  100  parts 
of  the  zinc-compound  correspond  with  62-44  per  cent,  of  creatinine. 

Prom  the  above  calculations  it  appears,  that  the  determination  of 
the  creatinine,  by  means  of  chloride  of  zinc,  approaches  closely  in 
accuracy  to  the  determination  of  potash  by  bi-chloride  of  platinum. 

YIII.  Betermination  of  the  albumen.     (Section  lxx.) 

Double  analyses  by  weight  were  very  carefully  made  of  clear 
filtered  urine,  mixed  with  a  solution  of  albumen. 

1.  a.  100  C.  C.  gave  1*130  gramme  of  albumen,  dried  at  100°  C. 

(212°Fahr.) 
b,  100  C.C.     „    1*107 

2.  a.   100  C.C.  „  0*624 
b.   100  C.C.  „  0*616 

3.  a.   100  C.C.  „  0*600 
b.   100  C.C.  „  0*588 

IX.  Determination  of  the  lime,     (Section  lxxi.) 

0*222  gramme  of  phosphate  of  lime  was  converted  into  carbonate 
(as  described  in  Section  lxxi.  1),  and  then  dissolved  in  20  C.  C.  of 
hydrochloric  acid,  each  cubic  centimetre  of  which  corresponded  with 
10  milligrammes  of  lime.  Eor  correspondence,  10*2  C.  C.  of  caustic 
soda  of  equal  strength  were  employed;  consequently,  20  —  10*2 
=  9*8  C.  C.  of  hydrochloric  acid  were  saturated  by  the  lime. 

The  0*222  gramme  of  phosphate  of  lime,  therefore,  contained 
0*098  gramme  of  lime  =  44*14  p.  c.  of  CaO.  The  calculation  by 
weight  gave  44*20  per  cent.  Ca  O. 

Every  100  C.  C.  of  such  urine  treated  in  this  way  yielded  a  per- 
centage of  0*0420  and  0*0423  of  lime. 

X.  Betermination  of  the  ammonia.     (Section  lxxii.) 

The  sulphuric  acid  employed  in  these  experiments  contained 
0*5304  gramme  SO3  in  10  C.C,  corresponding  with  0*22542 
gramme  NH3.      22*1  C.C.  of  caustic  soda  were  employed  for  the 

t2 
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saturation  of  10  CO.;  consequently  1  C.  C.  of  caustic  soda  corre- 
sponded with —      -.      =  0*0102  gramme  NHg. 

1*10  C.  C.  of  fresh  urine  were  treated  directly  with  milk  of  lime. 
After  48  hours,  the  N  H3  developed  corresponded  with  0*6  C.  C.  of 
caustic  soda.     Consequently  the  urine  contained  O'OSl  per  cent,   of 

NH3. 

2.  40  C.  C.  of  the  same  urine  were  freed  from  their  extractive 
and  colouring  matters  by  40  C.  C.  of  a  mixture  of  sugar-of-lead- 
solution  and  basic  acetate  of  lead.     20  C.  C.  of  the  clear  filtrate, 
corresponding  with  10  C.  C.  of  urine,  developed  the  same  quantity 
of  N  H3  in  48  hours;  0*8  C.  C.  of  caustic  soda  were  saturated. 

After  another  48  hours,  neither  of  the  liquids  tested  had  given 
off  the  smallest  quantity  of  N  H3. 

3.  0-2343  gramme  of  sal-ammoniac,  dried  at  100"  C.  (2l2°  Fahr.), 
were  added  to  10  C.  C.  of  the  same  urine.  At  the  conclusion  of  the 
experiment,  14-1  C.  C.  of  soda  had  been  used  in  the  saturation  of 
the  10  C.  C.  of  sulphuric  acid.  Hence  the  N  H3  developed  cor- 
responded with  22'1  —  14-1  =  8C.  C.  of  soda. 

The  10  C.  C.  of  urine  alone  corresponded  with  0*8  C.  C.  of 
soda;  consequently  8'0  —  0*8  =  7*2  C.  C.  of  caustic  soda  remained 
for  the  sal-ammoniac  added.  7*2  C.  C.  of  soda  correspond  with 
(7-2  X  0-0102)  =  0-07344  gramme  of  N  H3,  and  this  with 
17  :  53-64  :  :  0-007344  :  x  =  0-2309  gramme  sal-ammoniac.  Thus 
0-2309  gramme  were  found  in  the  place  of  the  0-2343  gramme 
added. 

4.  10  C.  C.  of  another  urine  w^ere  treated  directly  with  milk  of 
lime.  The  N  H3  developed  corresponded  with  1*25  C.  C.  of  soda, 
consequently  the  urine  contained  0*1275  per  cent,  of  N  H3. 

After  another  48  hours  no  more  ammonia  was  developed. 

5.  10  C.  C.  of  the  same  urine  were  treated  with  0*1744  gramme 
of  sal-ammoniac.  At  the  conclusion  of  the  experiment,  15*4  C.  C. 
of  soda  had  been  employed  for  the  saturation  of  the  10  C.  C.  of 
S  O3.  The  N  H3  therefore  developed  corresponded  with  22*1  — 
15*4  =  6-7  C.C.  of  soda.  The  10  C.  C.  of  urine  alone  corre- 
sponded with  1-25  C.  C. ;  hence,  6-7  -  1-25  =  5-45  C.  C.  of  soda- 
ley  remained  for  the  sal-ammoniac  added.  5*45  C.C.  correspond  M 
with  (5*45  X  0-0102)  =  0-05559  gramme  of  N  H3,  and  this  with  " 
0*1747  gramme  of  sal-ammoniac;  consequently  for  0*1744  gramme 
employed,  0*1747  gramme  sal-ammoniac  was  found. 
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INTRODUCTION. 


The  investigation  of  the  urine  has  been  resorted  to  from  the  earliest 
times  as  an  important  help  in  the  diagnosis  and  study  of  disease. 
Previously,  however,  to  the  chemical  and  microscopical  examination 
of  it,  the  investigation  was  of  very  little  scientific  value.  The 
inspection  of  the  urine  was  often  resorted  to  by  charlatans,  in  order 
to  deceive  the  credulous  public ;  and  consequently  for  a  long  time  it 
came  into  discredit  both  with  the  scientific  physician,  and  the  educated 
classes.^  The  progress  of  Organic  Chemistry,  and  the  general  study 
of  the  microscope,  first  gave  its  scientific  character  to  uroscopy ;  and  no 
one,  indeed,  needs  now  to  be  informed,  that  it  constitutes  an  important 
and  necessary  part  of  semiology  and  diagnosis.  The  scientific 
studies,  upon  which  uroscopy  is  founded,  have,  during  the  few  past 
years,  made  remarkable  progress,  and  every  day  adds  something 
new  to  the  discoveries  already  made. 

Hence  a  farther  and  renewed  investigation  of  this  subject  be- 
comes necessary ;  but,  under  present  circumstances,  it  becomes  one 
of  great  difiiculty,  because  the  practical  tests,  as  practised  by  the 
physician  at  the  bedside  of  the  patient,  and  from  which  alone  he 
draws  his  positive  conclusions,  cannot  keep  pace  with  the  rapid 
progress  of  physiology  and  chemistry.  For  this  reason  the  author 
has  not  attempted  to  introduce  into  his  work  everything  that  might 

*  This  ancient  practice  of  the  charlatans  threatens  again,  at  the  present 
day,  to  re-appear.  The  Author  had  an  opportunity,  a  short  time  ago,  of 
knowing  that  dozens  of  specimens  of  urine  were  sent  daily  (and  generally 
from  long  distances)  to  a  female  urine-inspector,  who  had  a  very  extensive 
reputation ;  and  that  from  these  specimens  alone  both  the  diagnosis  and 
prognosis  of  diseases  were  deduced.  The  descriptions  were  given  in  common 
language  and  indetinitely  expressed,  but  were  nevertheless  received  by  the 
adherents  of  the  doctoress  as  undeniable  oracles,— the  chief  of  her  believers 
being  people  of  the  higher,  and  especially  of  the  fashionable,  classes  of 
society.  Under  such  circumstances,  it  becomes  doubly  the  duty  of  the 
physician  to  point  out  what  assistance  a  scientific  study  of  the  urine  can 
really  give  in  the  diagnosis,  prognosis,  and  treatment  of  different  diseases. 
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be  said  in  relation  to  this  subject.    He  has  preferred  to  treat  only  oil 
that  which  can  be  accepted  as  positive,  for  long  experience  ha« 
shown  him,  that  students,  and  even  physicians,  preferring  what 
novel  and  striking,  often  take  up  uncertain  and  even  false  ideasJ 
and  are  thereby  led  into  errors  both  of  diagnosis  and  prognosis.} 
Por  this  reason,  he  has  endeavoured  in  every  case  to  determine 
accurately  the  degree  of  certainty  or  of  probabiHty,  which  may  be 
attached  to  the  different  indications  presented  by  the  urine. 

The  investigation  of  the  urine  for  the  purposes  of  the  physician] 
may  be  carried  out  in  two  different  ways.  It  enables  us  to  draw] 
conclusions  : 

1.  As  to  the  existence  of  certain  general  conditions  of  the  system  J 
the  state  of  the  nutritive  functions,  the  constitution  of  the  blood,  the| 
digestion,  &c. ; 

2.  And  of  certain  local  diseases  of  the  urinary  organs. 
We  shall  consider  the  subject  in  the  following  pages,  as  far  as  we 

can,  from  both  these  points  of  view. 

Besides  this,  the  study  of  the  urine  sometimes  enables  us   to^ 
arrive  at  conclusions  concerning  special  facts  and  processes,  a  know-j 
ledge  of  which  is  of  importance  to  the  physician.    Thus  we  are  often  i 
able,  from  the  mere  inspection  of  the  urine,  to  determine  whether  or! 
not  a  patient  is  feverish.     From  the  smell  or  the  colour  of  the 
urine,  we  can  tell  that  certain  articles  of  food  or  medicine  have  been 
taken,   for   example,   asparagus,   oil   of  turpentine,   rhubarb,    &c. 
From  the  quantity  of  spermatozoa  in  the  urine,  we  learn  whether 
the  discharge  of  semen  has  taken  place  during  coitus  or  is  the  result 
of  pollution.     The  presence  of  albumen  in  the  urine  enables  us, 
under  certain  conditions,  to  decide  that  the  patient  is  dropsical. 
Bile  in  the  urine  also  indicates  jaundice,  &c. 

The  skilful  physician  takes  advantage  of  these  signs,  in  order  to 
gain  the  confidence  of  his  patient;  but,  as  a  scientific  man,  he 
should  avail  himself  of  them  cautiously,  and  without  ostentation. 
Abuse  of  his  knowledge  in  this  respect  will  stamp  him  in  the  eyes 
of  his  colleagues  and  of  the  public  as  a  charlatan. 

The  study  of  the  urine  is  often  of  great  importance  in  thera- 
peutics, informing  us  whether  or  not  certain  substances,  which  the 
sick  person  has  used  as  medicine,  have  been  separated  with  the 
urine.  In  the  latter  case,  the  physician  is  cautioned  against  the 
prolonged  use  of  many  medicines,  which  become  dangerous  by 
accumulation  in  the  body,  such  as  saltpetre,  digitalis,  strychnia,  &c. 
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In  the  former  case^  the  continued  use  of  the  agent,  or  an  increased 
dose  of  it,  is  indicated ;  when,  for  instance,  we  desire  to  keep  the 
body  for  a  long  time  under  the  influence  of  an  agent  which  exercises 
its  full  effect  slowly  and  gradually,  such  as  iodide  of  potassium, 
alkaline  carbonates,  and  the  like.  The  importance  of  examining  the 
urine  for  such  purely  therapeutical  objects  has  not  yet  been  suffi- 
ciently acknowledged  in  practice.  Such  examinations  will,  how- 
ever, most  certainly  become  more  common,  in  proportion  as  the 
processes  required  in  carrying  them  out,  and  which  have  hitherto 
been  complicated  and  imperfect,  are  improved  and  simplified,  and  so 
rendered  more  applicable  in  the  hands  of  the  physician — an  object 
which  the  author  trusts  that  all  chemists,  who  feel  an  interest  in  this 
subject,  will  keep  in  view. 

If,  however,  the  investigation  of  the  urine  has  been  hitherto 
neglected  in  reference  to  the  particular  points  above  referred  to,  it 
has,  on  the  other  hand,  in  certain  ways  been  considered  as  of  more 
importance  than  it  really  is.  Many  special  facts  will  hereafter  be 
mentioned  under  this  head.  One  erroneous  idea,  however,  which  is 
founded  upon  an  imperfect  knowledge  of  the  nutritive  changes  in 
diseases,  and  upon  an  ontological  mode  of  considering  the  forms  of 
diseases — not  yet  discarded  by  all  pathologists — deserves  refutation. 
This  idea  is  widely  spread,  and  is  not  unfrequently  met  with  in  works 
recently  published  on  this  subject.  It  is,  that  there  is  a  special  and 
characteristic  condition  of  the  urine  corresponding  with  every  kind 
of  disease.  But  such  a  condition  is,  in  reality,  only  met  with  in 
those  rare  cases  in  which  the  disease  takes  its  name  from  some 
peculiar  and  well-defined  condition  of  the  urine.  The  urine,  for 
example,  in  albuminuria  must  naturally  contain  albumen,  in  glyco- 
suria sugar,  in  oxaluria  oxalic  acid,  &c.,  or  we  should  not  be 
justified  in  applying  such  names  to  the  diseases  mentioned. 

In  other  forms  of  diseases  we  very  rarely  meet  with  any  special 
characteristic  condition  of  the  urine.  It  has,  indeed,  been  often 
affirmed  that  the  urine  has  a  particular  composition,  or  possesses 
certain  peculiar  qualities,  in  typhus,  pneumonia,  &c.,  but  such 
observations  are,  as  a  rule,  supported  on  very  insufficient  data,  or  on 
investigations  made  during  certain  stages  only  of  the  progress  of 
such  diseases.  The  study  of  the  urine  in  diseases  of  this  nature,  in 
which  investigations  have  been  made  on  a  large  scale,  and  at  all 
stages  of  their  progress  shows  (as  I  shall  prove  hereafter),  that  the 
condition  of  the  urine  in  all  acute  diseases  varies  during  the  course 
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of  the  disease,  and  that,  too,  with  a  certain  degree  of  regularity.  This 
change  in  the  condition  of  the  urine,  moreover,  depends  less  upon 
the  particular  nature  of  the  disease,  that  is,  upon  its  local  phenomena, 
than  upon  certain  general  conditions  of  the  body,  such  as  the  inten- 
sity of  the  fever,  the  state  of  the  appetite  and  the  digestion — or,  in 
other  words,  upon  the  amount  of  food  taken.  This  is  also  true  of 
those  chronic  diseases  during  whose  progress,  as  so  often  happens, 
acute  exacerbations  arise.  The  idea,  for  instance,  so  commonly 
entertained,  that  in  Morbus  Brightii  the  quantity  of  urea  in  the 
urine  is  diminished,  is  to  a  certain  extent  untrue;  for  in  febrile 
conditions  of  the  diseases,  as  well  as  in  all  fevers,  an  increase  of  the 
urea  is  generally  observed. 

Por  these  reasons,  I  have  thought  it  better  to  point  out  in  the 
following  pages  only  the  general  semiology  of  the  urine.  Its  special 
semiology,  that  is  to  say,  the  description  of  the  constitution  of  the 
urine  in  individual  diseases,  will  be  best  considered  under  the  head 
of  each  particular  disease,  and  therefore  under  the  head  of  special 
pathology. 

To  render  more  easy  the  explanation  and  the  solution  of  any 
given  question,  the  following  pages  have  been  divided  into  two  chief 
divisions,  and  into  several  subdivisions. 

The  first  division  contains  the  qualitative  changes  of  the  urine, 
including  the  sediments.     It  contains  four  subdivisions : — 

I.  Changes  in  the  colour,  appearance,  and  odour  of  the  urine. 

II.  The  chemical  reaction  of  the  urine,  and  its  significations. 

III.  The  presence  of  unusual  and  abnormal  constituents  in  the 
urine. 

lY.  Urinary  sediments. 

The  second  division  comprises  the  quantitative  changes  of  the 
urine,  the  increase  and  the  diminution  of  the  normal  constituents  of 
the  urine. 

It  is  subdivided  into  two  parts  : — 

I.  Quantitative  changes,  which  are  appreciable  without  the  aid  of 
chemical  analysis,  and  which  are  of  especial  importance  to  the 
physician,  by  reason  of  their  ready  appreciation. 

II.  Quantitative  changes,  which  require  chemical  analysis  for 
their  demonstration. 

A  guide  to  the  investigation  of  urinary  calculi  and  other  urinary 
concretions  is  given  in  the  Appendix. 

I  would  refer  those,  who  wish  to  study  more  minutely  the  changes 
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which  occur  in  the  urine,  with  especial  reference  to  their  diagnostic 
signification,  and  their  therapeutical  indications,  to  my  work  on 
Diseases  of  the  Kidney,  which  comprises  an  account  of  the  changes 
occurring  in  the  urine  in  diseases  generally.  This  work  is  con- 
tained in  the  Handbuch  der  speciellen  Pathologie  und  Therajoie,  Bd. 
6,  edited  by  Virchow,  and  published  in  Erlangen. 
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FIRST  PART. 


aUALITATIYE  CHANGES  OF  THE  UEINE,  INCLUDING 
URINARY  SEDIMENTS. 

I.  Changes  in  the  Colour,  Appearance,  and  Odour  of 
THE  Urine. 

The  changes  included  under  this  head  are,  of  course,  easy  of 
appreciation ;  but  of  themselves  they  rarely  lead  us  to  any  positive 
diagnostic  and  semiotic  conclusions.  They  serve  chiefly  as  hints 
and  guides  to  a  further  investigation  of  the  urine  by  other  means. 
The  mere  inspection  of  the  urine,  therefore,  is  of  little  value  to 
the  physician. 


section  lxxxiv. 
Colour  of  the  Urine. 

The  colour  of  the  urine  is  sometimes  an  important  sign,  giving 
the  physician  valuable  indications  as  to  the  nature  of  some  of  the 
diseased  conditions  of  the  body ;  but,  generally  speaking,  it  serves 
rather  to  point  out  to  him  the  direction  in  which  he  must  prose- 
cute his  inquiries. 

The  causes  of  the  colour  of  the  urine  are  colouring-matters,  of 
whose  nature  and  origin  we  have  not  yet  obtained  much  certain 
knowledge.     (Compare  Sections  ix.,  nv.,  and  cxiii.) 

As  medical  men,  we  have  to  distinguish  between  normal  and 
abnormal  colour  of  the  urine. 

1.  The  normal  colour  of  the  urine  is  yellow,  with  a  mixture  of 
more  or  less  of  red.  It  may  be  nearly  as  colourless  as  water,  or  of 
a  yellow,  red,  or  reddish-brown  colour. 

These  different  shades  of  the  healthy  urine  may  be  classed  in  the 
following  groups  : — 
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Fale  urine — Colourless  to  straw-yellow. 

Normally -coloured  urine — Golden-yellow  to  amber. 

High-colour ed  urine — Reddish-yellow  to  red. 

JDark-coloured  urine — Of  a  brownish  tint ;  dark,  beer  colour. 

Pale  urine  contains  little  colouring-matter,  little  urea,  and,  as  a 
rule,  also  only  a  small  amount  of  solid  constituents.  (The  urine  in 
diabetes  mellitus  must  be  excepted.)  It  is  seldom  very  acid; 
frequently  neutral  or  alkaline.  It  is  passed  in  health  after  large 
draughts  of  fluids  {urina  potus) )  and  often  by  persons  suffering 
from  chronic  diseases,  such  as  chlorosis,  anaemia,  diabetes,  and  on 
recovery  from  severe  acute  diseases. 

The  existence  of  pale  urine  is  an  almost  certain  indication  to  the 
physician  that  his  patient  is  not  suffering  from  any  acute  febrile 
disorder.  When  the  urine  remains  for  a  long  time  constantly  pale, 
we  may  conclude  that  the  patient  is  suffering  from  a  certain  degree 
of  anaemia  (oligocythsemia) . 

Normally -coloured  urine  gives  us  only  the  negative  indication, 
that  disease  does  not  exist  of  a  nature  such  as  might  be  indicated 
by  very  pale  or  very  high-coloured  urine. 

High-coloured  urine  is  generally  concentrated,  rich  in  solid  con- 
stituents (and  therefore  of  high  speciiSc  gravity) ;  rich  also  in  urea, 
and  usually  very  acid.  It  occurs  in  cases  in  which  the  secretion 
of  water  by  the  kidneys  is  diminished,  the  secretion  of  the  other 
constituents  of  the  urine  remaining  normal,  or  even  being  increased. 
Consequently,  this  kind  of  urine  is  met  with  in  perfectly  healthy 
persons,  after  abundant  meals  [urina  chyli),  or  when  the  indi- 
vidual has  taken  violent  exercise,  or  has  sweated  much  and  drunk 
little.  It  occurs  also  in  almost  all  febrile  diseases,  and  becomes 
therefore  an  important  sign  to  the  physician.  In  hectic  fever,  for 
example,  this  condition  of  the  urine  often  gives  a  more  certain 
indication  of  the  intensity  of  the  febrile  increase  of  the  tissue-meta- 
morphoses, than  is  afforded  by  the  pulse  or  the  heat  of  the  body. 

Bark  urine,  as  a  rule,  indicates  that  an  abnormal  pigment  is 
mixed  with  the  urine.  Purther  investigation,  however,  is  required 
to  ascertain  its  import  and  signification. 

Occasionally,  it  is  desirable  to  determine  the  colour  of  the  urine 
with  greater  accuracy  than  can  be  attained  by  the  above  rules.  In 
such  cases,  we  proceed  as  pointed  out  in  Section  liv.,  making  use, 
in  the  conclusions  thence  derived,  of  the  hints  given  in  Section  cxiii. 

Heller  has  given  another  method  for  determining  approximatively 
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the  quantity  of  ordinary  colouring-matter  of  the  urine — the  uro- 
phseine,  as  he  calls  it.  (See  Ziegler,  Die  Uroscopie  am  Kranken- 
hette.  Erlangen,  1861.  P.  24.)  A  little  concentrated  oil  of  vitriol 
is  poured  into  a  beaker-glass,  and  double  the  quantity  of  urine 
to  be  tested  added  to  it.  When  quickly  added,  the  mixtui 
assumes  more  or  less  of  a  dark  brown  up  to  a  tar-black  colourJ 
The  quantity  of  urophseine  is  judged  of  from  the  intensity  of  th^ 
colouring.  Ziegler  states  that  the  most  intense  colour  of  the  urin^ 
under  this  test  appears  in  cases  of  chronic  disease  of  the  liver,  anc 
especially  in  cirrhosis.  He  uses  this  test  of  urophseine  as  a  meanl 
of  diagnosis  of  these  diseases. 

The  colour  of  the  urine  often  depends  upon  the  presence 
different  pigments — both  of  fluid  pigments  dissolved  in  the  urin< 
and  of  solid  pigments  which  belong  to  sediments.     In  such  cases  it"" 
is  necessary  to  filter  the  urine,  in  order  to  ascertain  more  correctly 
the  share  which  these  two  sorts  of  pigments  take  in  colouring  it. 

2.  Abnormal  colours  of  the  urine  result  from  the  presence  in  it 
of  abnormal  colouring-matters,  which  may  be  divided  into  two 
groups : — 

a.  Essential  abnormal  colours  of  the  urine y  arise  within  the 
body  as  the  consequences  of  certain  pathological  processes,  and 
present,  therefore,  important  indications  to  the  physician. 

b.  Accidental  abnormal  constituents  of  the  wrm^.— -These  have 
been  taken  into  the  body  as  food,  drink,  or  medicine,  and  after 
passing  through  the  body,  are  separated  again  with  the  urine. 

The  most  important  of  the  abnormal  colours  of  the  urine 
are : — 

a.  The  essential,  are : 

1.  The  colouring -matter  of  the  blood.  These  colours  give  many 
different  shades,  according  to  the  condition  of  the  colouring-matter 
of  the  blood,  whether  separated  from  or  united  with  the  blood- 
corpuscles,  decomposed  or  unchanged,  or  present  in  large  or  small 
quantity  in  the  urine.  The  shades  of  colour  may  vary  from  blood- 
red,  brown,  dark-brown,  up  even  to  an  inky  tint. 

Por  the  indication  and  significance  of  the  colouring-matter  of  the 
blood  in  the  urine,  see  Sections  xc.  and  xci.,  and  the  cases  11,  12, 
and  13  in  Section  cxxv. 

2.  Biliary  colouring -matters  give  to  the  urine  a  greenish-yellow, 
or  brownish -green  colour.     (See  Section  xciii.) 

3.  For   the   effects  produced  in  the   urine  by  the   presence   of 
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uroxantJdne,  and  the  products  of  its  decomposition,  uroglaudne 
and  Mrrhodine,  see  Section  ix.  p.  48.^ 

Uroxanthine  rarely  has  any  appreciable  influence  on  the  colouring 
of  the  urine.  It  is  only  in  those  cases  in  which  a  very  considerable 
quantity  of  uroxanthine  is  present,  and  where  there  is  a  deficiency  of 
urophseine  that  the  urine  takes  a  lemon-yellow  colour — in  cholera 
and  affections  of  the  spine,  for  example.  Chemical  analysis  is,  how- 
ever, always  required  to  show  with  certainty  the  presence  of 
uroxanthine.  A  few  drachms  of  concentrated  fuming  hydrochloric 
acid  are  poured  into  a  beaker-glass,  and  the  urine — not  more  than 
20  to  40  drops — then  dropped  into  it.  If  uroxanthine  be  present  the 
fluid  passes  from  a  violet-red  up  to  a  blue  colour.  (See  Section  xxxvi.) 

Uroglaucine  and  urrhodine,  products  of  the  decomposition  of 
uroxanthine,  and  probably  identical  with  the  blue  and  red  colouring- 
matter  of  indigo  (see  p.  48  f),  sometimes,  although  rarely,  appear 
in  the  urine,  when  it  has  undergone  decomposition  in  the  bladder, 
and  a  large  quantity  of  carbonate  of  ammonia  has  been  at  the  same 
time  formed  (cystitis,  morbus  Brightii).  In  such  cases  they  may 
impart  very  striking  colours  to  the  urine — green,  blue,  and  violet. 
Uroglaucine  has  a  blue,  and  urrhodine  a  red  colour,  and  from  a  com- 
bination of  these  colours  with  each  other  and  with  the  ordinary 
colouring-matter  of  the  urine  many  various  shades  of  colour  may  be 
produced. 

Thus  the  urine  may  be  of  a  green — even  of  a  beautiful  grass- 
green,  colour,  when  blue  uroglaucine  is  mixed  with  a  yellow  urine. 
Again,  it  appears  of  a  blue  colour  when  the  normal  yellow  is  wanting 
and  uroglaucine  predominates ;  of  a  violet,  when  uroglaucine  and 
urrhodine  are  present  together ;  and  reddish  when  urrhodine  pre- 
dominates. 

Uroglaucine  and  urrhodine  usually  form  sediments,  and  therefore 
the  urine  containing  them  must  be  filtered.  Moreover,  urrhodine 
dissolves  in  ether  with  a  beautiful  carmine-red  colour,  and  uroglau- 
cine in  boiling  alcohol  with  a  beautiful  blue  colour. 

According  to  Heller  and  his  school  (See  Zeigler,  p.  28,  op.  cit), 
the  quantity  of  uroxanthine  thus  found  in  the  urine,  may  to  a  certain 
extent  be  employed  as  a  measure  of  the  degree  of  excitement  which 
the  nervous  system  has  been  subjected  to,  and  especially  the  spinal 

*  Compare  Heller,  Archiv  fiir  Chemie  und  Mikroskopie,  1852,  s.  121. 
t  See  also  Kletzinsky,  in  Heller's  Archiv,  1853,  p.  414;  and  Sicherer, 
in  Annal.  der  Chemie  und  Pharmac.  Book  90,  p.  120. 


290  THE  ODOUR, 

cord.  It  is  increased  in  spastic  urine,  after  too  frequent  coitus, 
onanism,  &c.,  so  also  in  all  cases  of  irritation  of  the  urinary  organs, 
in  acute  and  chronic  diseases  of  the  kidneys — nephritis,  morbus 
Brightii,  peri-nephritis ;  and  in  many  other  diseases,  such  as  typhus, 
intermittent  fever,  cholera,  and  uraemia.  In  my  opinion,  however, 
the  therapeutical  and  diagnostic  indications  obtained  from  sue 
investigations  must  be  used  with  great  reserve,  as  we  know  so  littl 
of  the  origin  and  signification  of  uroxan thine. 

4.  JJroerythrine,  which  exists  only  in  abnormal  urine,  when 
dissolved  in  the  urine  gives  it  a  red  colour,  and  when  precipitated 
with  sediments  of  uric  acid  and  urates,  gives  to  them  a  brick-red,  or 
rosy-red  colour."^ 

Nothing  certain  is  known  concerning  the  composition  and  mode 
of  origin  of  the  uroerythrine  in  the  body. 

h.  Accidental  colouring -matters .  — Different  colouring-matters 
taken  into  the  body  with  the  food  and  drink,  and  with  medicine, 
pass  away  from  it  again  with  the  urine,  and  impart  a  colour  to  it. 
On  this  subject  we  possess  much  information,t  but  it  is  of  less 
value  to  the  physician  than  to  the  physiologist  and  the  chemist. 

Under  this  head  may  be  mentioned  two  colouring-matters  of 
interest  to  the  physician,  which  are  contained  in  drugs  in  frequent 
use,  viz.,  rhubarb  and  senna.  The  colouring-matters  in  these  drugs 
pass  away  with  the  urine  and  impart  to  it  a  colour  similar  to  that 
of  bile-pigment  and  the  colouring-matter  of  blood.  Both  of  thera 
can  render  the  urine  brown,  and  even  of  a  deep  bluish-red  colour. 
The  nature  of  this  colouring-matter  is  readily,  however,  distin- 
guished from  that  of  the  blood  by  chemical  agents.  Urine,  coloured 
by  them,  becomes  clearer  and  of  a  hghtish-yellow ;  on  the  addition 
of  mineral  acids,  whilst  urine  coloured  with  blood  does  not  be- 
come lighter,  but  in  fact  rather  darker  when  these  acids  are  added. 


I 


section  lxxxv. 
Odour  op  the  Urine. 
The  odour  of  the  urine  is  but  of  little  importance  to  the  physician, 

*  Heller,  in  his  Archiv,  1853,  p.  391. 

t  See  the  experiments  of  Kletzinsky,  in  Heller's  Archiv.  fiir  Chemie  und 
Mikr.,  1852,  pp.  184,  211,  338. 
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as  a  sign  of  disease.  Many  substances,  like  the  colouring-matters 
described  in  the  last  section,  pass  through  the  body  and  are  dis- 
charged with,  and  impart  a  peculiar  odour,  to  the  urine.  Such  an 
odour  will  often  indicate  to  the  physician  that  the  patient  has  taken 
certain  kinds  of  food  or  medicine.  Thus,  the  urine  has  a  peculiar 
odour  when  asparagus  has  been  eaten.  So  also  when  turpentine  has 
been  swallowed,  or  inhaled  in  large  quantity,  it  has  an  odour  of  violets, 
he  smell  of  saffron  and  cubebs,  &c.,  may  also  be  detected  in  it. 

It  has  been  lately  asserted  by  Prench  pathologists  (De  Beauvais 
and  others),  that  the  peculiar  odour  of  asparagus,  oil  of  turpentine, 
&c.,  does  not  appear  in  the  urine  in  cases  of  organic  diseases  of  the 
kidneys.  However  valuable  this  means  of  diagnosis  may  have  been 
in  cases  of  albuminuria,  in  which  (in  the  absence  of  other  signs)  it 
was  doubtful  whether  the  kidney-affection  was  functional  or  organic, 
I  should,  nevertheless,  after  making  some  experiments  on  the 
subject,  advise  the  observer  to  accept  the  statement  with  caution : 
I  found,  for  instance,  the  characteristic  odour  of  asparagus  and  of 
oil  of  turpentine  present  in  the  urine  in  two  cases  of  albuminuria, 
in  which  subsequent  post-mortem  examination  exhibited  partial  dis- 
organization of  the  kidneys. 

Healthy  urine  has  also  a  specific  odour,  which  Heller  attri- 
buted to  the  colouring-matter  (urophseine).  The  odour,  however, 
most  probably  depends  upon  a  variety  of  odorous  matters,  for 
Stadeler,  by  the  distillation  of  urine,  succeeded  in  obtaining  several 
volatile  acids — phenylic,  taurylic,  damyluric,  and  damolic  acids 
(Section  viii.).  The  odour  of  the  urine  is  probably  modified  by  the 
excess  of  one  or  other  of  these  acids. 

The  odour  of  the  urine  is  peculiarly  affected  by  the  presence  of 
much  carbonate  of  ammonia,  the  "urinous-odour"  (as  it  is  called) 
of  patients,  depending  chiefly  upon  the  presence  of  this  salt. 


section  lxxxvi. 

The  Clear  or  Turbid  Condition  of  the  Urine. 

The  urine  is  either  clear  or  cloudy.  Slight  turbidity  of  it  is  pro- 
duced by  small  floating  flocculi.  When  the  turbidity  is  more  marked, 
and  the  urine  has  stood  for  some  time,  a  precipitate  takes  place,  and 
in  this  way  a  sediment  is  formed.     The  turbidity  of  the  urine  is 

u2 
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always  caused  by  solid  materials,  which  remain  undissolved,  and 
are  suspended  in  the  urine.  These  solid  matters  are  either  passed 
with  the  urine,  or  they  are  formed  in  it  at  different  intervals,  after 
it  has  been  passed. 

Healthy  urine  is  alw^ays  clear,  or   at  most  has  only  a  very  slight^ 
degree  of  cloudiness.      Well-marked  turbidity  of  the  urine  always 
indicates  an  abnormal  state  of  it,  and  therefore  demands  the  atten- 
tion of  the  physician.     No  positive   indication,  however,   can  be| 
derived  from  the  turbidity,  until  we  have  learnt  the  cause  upon^ 
which  it  depends.    Por  further  information  on  this  head,  see  Urinary 
Sediments. 


SECTION    LXXXVII. 

II.  Chemical  Eeaction  of  the  Urine. 

Healthy  urine  has  always  an  acid  reaction,  that  is  to  say,  it  always 
reddens  blue  litmus-paper.  Occasionally,  however,  its  action  is 
neutral,  or  even  alkaline — in  the  last  case,  turning  red  litmus- 
paper  blue. 

It  is  most  convenient,  in  testing  the  reaction  of  urine,  to  make 
use  of  blue  litmus-paper  which  has  a  slight  tint  of  red.  Such 
paper  serves  for  the  purpose  of  testing  acid  as  weU  as  alkaline 
urine;  acid  urine  rendering  it  much  redder,  and  alkaline  urine 
giving  it  an  intense  blue  colour.  It  is  also  very  sensitive.  It  is 
prepared  by  allowing  an  aqueous  tincture  of  litmus  to  stand  until  it 
has  become  slightly  acid,  and  its  deep-blue  colour  has  taken  a  red- 
dish tint.  Ordinary  smooth  writing  paper  is  dipped  in  this  tincture, 
and  dried  in  the  shade. 

Sometimes  we  meet  with  urine  which  has  both  an  alkaline  and  an 
acid  reaction,  i.e.,  which  slightly  reddens  blue  litmus-paper,  and 
which  renders  blue  slightly  reddened  litmus-paper — the  amphi- 
genous  reaction  of  Heller,  or  more  properly,  the  amphoterous 
reaction  of  Bamberger. 

This  paradoxical  phenomenon  may  be  explained  in  the  following 
way.  When  acid  phosphate  of  soda  is  neutralised  by  ammonia, 
ammonio-phosphate  of  soda  is  formed,  which  has  the  property  of 
giving  off  ammonia  when  it  is  warmed  and  the  pressure  on  it 
diminished — acid  phosphate  of  soda  remaining.  Thus,  when  am- 
monia is  developed   (through  decomposition  of  its  urea)   in  urine 
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which  was  originally  acid  from  the  presence  of  acid  phosphate  of 
soda,  the  ammonia  may  be  unequally  distributed  through  the  urine, 
and  render  some  portions  of  it  alkaline,  or  it  may  produce  an  alka- 
line atmosphere  in  the  upper  layer,  whereby  reddened  litmus-paper 
is  rendered  blue.  Other  portions  of  the  urine  may  at  the  same  time 
be  acid  from  the  presence  of  acid  phosphate  of  soda,  and  so  redden 
blue  litmus-paper.  In  like  manner,  we  often  notice,  on  the  sur- 
face of  urine  which  has  become  ammoniacal,  but  which  still  has  a 
slightly  acid  reaction,  a  pellicle  of  crystalline  ammonio-phosphate 
of  magnesia,  which,  according  to  its  chemical  properties  cannot 
exist  in  an  acid  fluid. 

The  chemical  reaction  of  the  urine  yields  the  physician  several 
useful  indications,  and  is,  moreover,  a  very  simple  test.  It  is  there- 
fore a  valuable  sign ;  but  its  real  meaning  can  only  be  obtained  by 
further  investigation. 

It  is  not  yet  known  positively  what  acid  causes  the  acid  reaction 
of  the  urine.  The  acidity,  as  it  would  seem,  does  not  depend  upon 
the  presence  of  a  free  acid,  but  is  probably  caused  by  acid  salts,  and 
in  most  cases  by  the  acid  phosphate  of  soda.  In  many  cases  it  may 
also  depend  upon  acid  salts  of  the  urates,  hippurates,  lactates,  and 
ulphates. 

The  urine  may  lose  its  acid  state,  and  may  even  become  alkaline 

der  two  essentially  different  conditions  : 

I.  Carbonate  of  ammonia  may  be  formed  in  the  urine  after  it  has 
been  passed.     In  such  case,  when  the  quantity  of  the  carbonate  of 
ammonia  is  small,  the  urine  is  neutral ;  when  it  is  large,  alkaline. 
This  development  of  carbonate  of  ammonia  is  caused  by  the  decom- 
position of  urea,  which,  under  certain  conditions,  by  the  absorption 
of  water,  is  converted  into  carbonate  of  ammonia. 
1  equiv.  urea    C^  H^  N^  O^ 
4     „       water       H^        O^ 
0,  H3  N,  O, 
=  2  eqs.  of  carbonate  of  ammonia  =  2  (N  H^  O,  C  OJ . 

The  conversion  of  the  urea  into  carbonate  of  ammonia  is  caused 
by  the  presence  of  a  ferment,  of  a  body  in  a  state  of  decomposition, 
which  decomposition  it  also  excites  in  the  urea.  The  mucus  and 
pus  secreted  by  the  mucous  membrane  of  the  urinary  passages  form 
a  ferment  of  this  nature."^     As  urine  invariably  contains  urea,  it 

*  1  have  made  many  experiments  on  this  point.  The  urine  of  patients 
"which,  after  standing   from  12  to  24  hours,  constantly  gave   an  alkaline 


i 


294  CHEMICAL  REACTION 

may,  in  a  shorter  or  longer  time,  be  invariably  rendered  alkaline  by 
this  ferment.  This  is  the  reason  why  the  urine  is  so  often  alkaline 
in  cases  of  blennorrhcea,  and  of  purulent  exudations  of  the  urinary 
passages. 

Under  favourable  conditions  the  urine  may  become  alkaline  within 
the  urinary  passages — i.e.,  before  it  is  passed.  The  alkalinity  again 
may  appear  only  after  the  urine  has  been  passed ;  and  in  such  case 
the  urine  will  be  acid  when  first  passed,  becoming  alkaline  after  a 
time;  Urine  almost  invariably  becomes  alkaline  in  the  course  of 
time ;  but  healthy  urine  is  slow  in  becoming  so,  and  never  witliin 
24  hours  after  being  passed.  Consequently,  when  urine  is  either 
passed  in  an  alkaline  state,,  or,  when  passed  acid,  has  become 
alkaline  within  24  hours  afterwards,  we  may  conclude,  that  circum- 
stances exist  which  favour  the  decomposition  of  urea.  Erom  such 
considerations  the  physician  may  draw  data  for  diagnosis. 

One  point,  however,  is  worthy  of  notice  here,  for  if  overlooked  it 
may  lead  the  observer  into  error.  When  urine,  which  has  already 
become  alkaline,  is  added  to  normal  urine,  the  latter  undergoes  the 
ammoniacal  decomposition  much  more  quickly  than  it  woiild  do 
naturally.  The  same  thing  occurs  when  urine  is  kept  in  a  vessel 
which  contains  any  remains  of  ammoniacal  urine. 

When,  therefore,  we  would  draw  any  conclusions  from  the  fact  of 
urine  having  become  rapidly  alkaline,  i.e.,  within  24  hours  after 
being  passed,  we  must  be  sure  that  it  has  been  kept  in  a  perfectly 
clean  vessel.  Hence,  care  must  be  taken  that  the  utensils  &c.,  of 
the  patient  are  not  only  emptied,  but  also  washed  out,  so  as  to  re- 
move every  trace  of  the  ferment-matter. 

Urine,  which  has  been  rendered  alkaline  by  carbonate  of  am- 
monia, turns  red  litmus-paper  blue ;  but  when  the  paper  is  dried, 
and  the  carbonate  of  ammonia  thereby  driven  off,  the  blue  litmus- 
paper  becomes  red  again,  in  consequence  of  the  presence  in  it  of  the 
acid  salts  of  the  urine.     This  fact  is  important,  because  it  enables 

reaction  (caused  by  decomposition  of  urea),  was,  when  fresh,  generally  acid. 
If  a  part  of  such  weakly  acid  urine  was  immediately  liltered  when  passed, 
it  would  generally  give  an  acid  reaction  at  a  time  when  the  unfiltered  part 
of  the  same  urine  had  already  become  alkaline.  Consequently,  a  portion  of 
the  ferment  which  caused  the  decomposition  of  the  urea  was  removed  from 
the  urine  by  filtration.  A  careful  examination  of  the  matters  left  on  the 
filter  showed  that  they  possessed  all  the  properties  of  mucus. 

Similar  experiments  have  been  made  by  Dr.  Bence  Jones,  and  with  a 
like  result. 
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us  to  clistinguisli  the  alkalinity  of  the  urine  produced  by  carbonate 
of  ammonia,  from  the  alkalinity  resulting  from  any  other  cause. 

2.  There  is  another  cause,  essentially  different  from  that  just 
described,  which  may  render  the  urine  neutral  or  alkaline.  This 
cause  is  to  be  sought  in  the  constitution  of  the  blood.  Under 
ordinary  circumstances  acid  urine  is  secreted  from  the  alkaline  blood. 
The  kidneys,  therefore,  through  their  secreting-cells  must  possess 
the  property  of  separating  acid  salts  from  alkaline  blood,  or  of  form- 
ing them  and  passing  them  on  into  the  urine.  When,  however,  the 
blood  is  inordinately  alkaline,  the  urine  separated  from  it,  as  a  rule, 
loses  its  acidity,  and  becomes  neutral  or  alkaline.  Thus  the  urine 
becomes  alkaline,  when  a  large  quantity  of  caustic  alkalies  or  of  car- 
bonates of  the  alkalies  is  taken  into  the  system,  and  continues  so, 
until  the  excess  is  separated  from  the  blood. 

Caustic  soda,  potash,  magnesia,  and  lime,  and  their  carbonates 
act  in  this  way;  so  likewise  do  all  vegetable  acid  salts,  which 
are  converted  in  the  body  into  carbonates,  and  as  such  separated 
with  the  urine — the  acetates,  citrates,  malates,  and  tartrates.  All 
these  bodies,  when  given  as  remedies  in  large  doses,  render  the  urine 
alkaline,  and  often  in  a  very  short  time.  Dr.  Bence  Jones  found, 
that  120' grains  of  dry  tartrate  of  potash,  dissolved  in  four  ounces  of 
water,  made  the  urine  alkaline  in  35  minutes,  and  that  the  alkaline 
reaction  disappeared  two  hours  later.  Smaller  doses,  which  are 
insufficient  to  make  the  urine  alkaline,  diminish  the  quantity  of  acid 
in  it. 

Food  acts  in  a  similar  way,  and,  according  to  its  nature,  increases  or 
diminishes  the  alkalinity  of  the  blood.  The  urine  of  carnivorous 
animals  is  acid,  of  herbivorous  animals  alkaline.  A  similar  action 
of  food  is  observed  in  man,  but  in  a  less  degree,  his  diet  in  most 
cases  being  a  mixed  one. 

Certain  organic  processes  also- — results  of  the  secondary  meta- 
morphosis of  the  food — undoubtedly  influence  the  condition  of  the 
urine,  by  altering  the  alkahne  condition  of  the  blood.  The  nature 
of  these  processes,  however,  is  at  present  very  obscure,  and  it  is 
only  by  very  difficult  and  complicated  investigations  that  we  can 
hope  to  obtain  an  insight  into  them.  The  following  conditions, 
however,  may  be  noticed  as  probably  influencing  the  state  of  the 
urine. 

a.  Dr.  Bence  Jones  has  pointed  out,  that  the  acid  reaction  of  the 
urine  increases  and  diminishes  inversely  with  the  secretion  of  the 
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gastric  juice.  He  asserts  that  tlie  urine  is  most  acid  at  the  time 
when  the  stomach  contains  no  acid  secretion^  or  when  the  secretion 
has  been  returned  again  to  the  blood ;  and  that,  on  the  other  hand, 
it  becomes  sHghtly  acid  or  even  alkaline  in  proportion  as  acid 
gastric  secretion  is  separated  from  the  blood. 

Unfortunately  the  experiments  performed  by  Dr.  B.  Jones  on  this 
point  are  not  conclusive.  In  these,  as  in  almost  all  his  experiments 
on  the  quantitative  analysis  of  the  urine,  the  amount  of  acid  is 
reckoned  for  1000  parts  of  urine,  and  not  for  the  particular  hourly 
secretion  of  it,  as  it  should  be,  if  trustworthy  conclusions  are  to  be 
drawn  from  them.  Experiments,  which  were  performed  partly  by 
myself  and  partly  by  others  under  my  superintendence,  invariably 
showed  that  the  greatest  quantity  of  acid  passed  with  the  urine  per 
hour  was  evacuated  during  the  night,  and  the  smallest  quantity  in 
the  hours  before  midday ;  and  that  the  quantity  in  the  afternoon 
(after  the  chief  meal  of  the  day)  was  a  mean  between  the  two. 
These  experiments,  therefore,  do  not  agree  with  those  of  Dr.  B. 
Jones ;  they  do  not,  however,  positively  contradict  them,  as  other 
circumstances  may  influence  the  amount  of  acid  in  the  urine. 

Dr.  B.  Jones'  hypothesis,  theoretically  considered,  certainly  seems 
reasonable  enough.  A  quantity  of  acid  is  separated  from  the  blood 
with  the  acid  gastric  juice,  and  the  blood  thereby  rendered  propor- 
tionally more  alkaline ;  and  consequently,  at  the  same  time,  less  acid 
is  separated  with  the  urine.  It  is,  however,  possible,  that  the 
alkali,  which  was  combined  with  the  acid  of  the  gastric  juice,  may 
not  remain  in  the  blood,  but  pass  into  the  bile;  and  if  so,  then  the 
secretion  of  the  gastric  juice  would  occasion  no  alteration  in  the 
alkalinity  of  the  blood,  and  consequently  the  secretion  would  not 
influence  the  quantity  of  acid  in  the  urine.  The  investigations  of 
Dr.  W.  Eoberts  confirm  Dr.  B.  Jones'  views.    (See  Section  cxviii.) 

h.  According  to  the  experiments  of  Liebig  and  others,  the  juice 
of  muscle  is  acid,  or  at  least  it  becomes  so  immediately  after  being 
expressed.  And  as  the  urine  in  carnivorous  animals  is  rendered 
acid  by  the  constituents  of  the  meat  which  they  take  as  food,  it  is 
probable,  that  in  men  (as  in  animals)  a  part  of  the  acid  of  the  urine 
— perhaps  the  greater  part  of  it — is  derived  from  the  fluid  resulting 
from  the  metamorphosis  of  their  own  muscular  tissues,  which  passes 
into  the  blood ;  or  in  other  words,  that  the  acid  of  the  urine  is  in 
part  a  product  of  the  metamorphosis  of  the  muscular  tissues.  This, 
however,  is  not  the  place  to  discuss  this  difficult  question. 
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Por  the  purposes  of  tiie  physician,  the  following  are  the  chief 
points  to  be  noticed  in  reference  to  the  reaction  of  the  urine : — 

1.  Acid  reaction  of  the  urine. — This  is  the  natural  state  of  the 
urine.  The  information  which  it  afPords,  viz.,  the  non-existence  of 
certain  diseased  conditions  of  the  body,  is  of  a  negative  kind  only. 
Any  further  conclusions  must  be  derived  from  the  quantitative 
analysis  of  the  acid  in  the  urine.  A  very  acid  condition  of  the  urine 
may  favour  the  formation  of  certain  sediments  or  concretions, 
especially  of  uric  acid,  or  may  occasion  irritation  of  the  kidneys  and 
urinary  passages. 

2.  Neutral  or  alkaline  reaction  of  the  urine. — This  condition  of 
the  urine  is  always  of  importance  to  the  physician ;  and  shows  that 
further  investigation  is  required.  We  have,  in  such  case,  to  note 
the  following  particulars : — 

a.  The  alkaline  action  may  depend  upon  the  presence  of  carbonate 
of  ammonia ;  the  urine,  in  such  case,  turning  reddened  litmus-paper 
blue,  and  the  paper  becoming  again  red  on  drying.  This  condition 
always  results  (probably  the  only  exception  being  the  rare  case,  in 
which  carbonate  of  ammonia  passes  directly  from  the  blood  into  the 
urine)  from  decomposition  of  the  urea  in  the  secreted  urine;  the 
decomposition  being  caused  by  blennorrhoea  or  purulent  secretion 
(however  limited)  of  the  urinary  passages,  whether  idiopathic  or 
symptomatic.  The  decomposition  may  depend  on  a  great  variety 
of  causes. 

b.  Or,  again,  the  alkaline  reaction  of  the  urine  may  result  from  the 
presence  of  a  fixed  base  of  potash,  soda,  or  an  alkaline  earth.  In 
such  case  the  urine  turns  reddened  litmus-paper  blue,  and  it  remains 
blue  when  dry.  The  causes  of  the  alkaline  reaction  in  this  case 
may  be : — the  therapeutical  use  of  caustic  alkalies,  of  their  car- 
bonates, or  of  salts  of  vegetable  acids ;  the  too  great  indulgence  in 
food  containing  them ;  or  alterations  in  the  products  of  the  meta- 
morphosis of  the  tissues,  as  above  referred  to. 

The  value  of  this  neutral,  or  alkaline  condition  of  the  urine  to 
the  physician,  as  a  semiotic  sign,  depends  chiefly  upon  whether  the 
condition  is  temporary  or  permanent. 

If  the  urine  is  only  temporarily  neutral  or  alkaline,  at  a  certain 
time  of  the  day,  some  hours,  for  instance,  after  eating,  or  after 
certain  kinds  of  food  have  been  taken,  or  on  particular  days,  then 
the  condition  is  one  merely  of  a  physiological  character,  and  has  no 
practical  pathological  signification. 
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If,  however,  the  urine  is  frequently  or  permanently  alkaline,  im- 
portant semiotic  and  practical  conclusions  may  be  derived  from  it. 
These,  however,  are  different  in  different  cases : 

1.  The  cause  may  be  blennorrhcea  or  purulent  secretion  of  the 
•urinary  passages.  Diagnosis  in  this  case  is  derived  from  the  fact 
that  the  urine  is  alkaline,  and  contains  mucus,  or  pus,  and  crystals 
of  ammonio-phosphate  of  magnesia ; 

2.  If  the  cause  is  the  prolonged  use  of  caustic  alkalies,  or  their 
carbonates,  or  vegetable  salts,  the  diagnosis  is  manifest  enough ; 

3.  With  regard  to  the  cause  of  the  alkaline  urine  resulting 
from  changes  in  the  metamorphoses  of  the  tissues  very  little  is 
known;  but  the  following  may  be  mentioned  as  probable  causes: 
partial  arrestment  of  the  metamorphosis  of  muscle,  weakness  of  the 
nervous  system,  ana3mia  and  chlorosis,  defective  nutrition,  and 
enfeebled  states  of  the  body  generally.  Eademacher  has  rendered 
great  service  by  calling  especial  attention  to  the  fact"^  that  a  perma- 
nently alkaline  condition  of  the  urine  is  always  an  affection  which 
requires  the  employment  of  steel  and  tonic  medicines.  Prom 
what,  however,  has  gone  before,  it  is  clear  that  this  is  only  true  in  a 
limited  sense;  and,  moreover,  the  attentive  observer  will  find  in 
such  cases,  that  the  pale  colour  of  the  urine  is  generally  a  much 
surer  indication  that  iron  is  required,  than  its  alkaline  condition, 
which,  indeed,  is  often  absent  in  patients  of  this  kind. 

The  rational  treatment  of  this  condition  is  often  very  difficult. 
The  great  point,  however,  is  always  to  discover  and  combat  the 
cause  of  the  alkalinity.  It  is  very  bad  practice,  arising  from  an 
erroneous  idea  of  their  chemical  history,  to  give  acids  in  all  cases, 
whenever  the  urine  is  alkaline.  When  the  alkahne  state  of  the 
urine  depends  upon  irritation  of  the  urinary  passages,  originally 
excited  by  a  too  acid  and  irritating  condition  of  the  urine  with  the 
formation  of  uric-acid  gravel,  demulcent  remedies  with  carbonates 
of  the  alkalies,  or  acetate  of  potass,  are  the  proper  remedies. 

The  assertion,  so  often  repeated,  that  benzoic  acid,  taken  inter- 
nally, renders  alkaline  urine  acid  more  readily,  and  with  greater 
certainty  than  other  acids,  has  not  been  confirmed  by  the  results  of 
numerous  experiments  performed  by  me  on  the  point. 

*  Rechtfertigung  der  verstandesrechten  Erfahrungslieillehre.  2  Aufl.,  Bd. 
2,  p.  211. 
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III.  Abnormal  Constituents  in  the  Urine. 

All  abnormal  states  of  tlie  urine  which  come  under  this  head  are  of 
great  practical  importance^,  for  they  invariably  indicate  the  existence 
of  disease  in  the  body.  Every  abnormal  constituent  of  the  urine^ 
moreover,  has  its  own  special  signification.  We  shall,  therefore, 
proceed  to  consider  separately  the  different  abnormal  constituents 
met  with  in  the  urine. 


section  lxxxviii. 
Albumen. 


I.  The  mode  of  ascertaining  the  presence  of  albumen  in  the  urine 
has  been  already  pointed  out.  (Section  xix.)  I  shall,  however, 
once  again  return  to  the  subject,  for  the  application  of  the  test  is 
not  so  simple  as  it  might  at  first  sight  appear.  Certain  precautions 
are  requisite.  The  physician  may,  indeed,  readily  be  led  into  error, 
at  one  time  overlooking  the  presence  of  albumen,  and  at  another 
thinking  it  present  when  it  really  is  not  so. 

Albumen  is  discovered  in  the  urine  : — 

I.  By  the  addition  of  nitric  acid.  When  much  albumen  is  pre- 
sent in  the  urine,  nitric  acid  causes  a  deep  white  cloudiness  in  it,  or 
may  even  convert  the  fluid  into  a  whitish  mass.  In  such  cases  no 
doubt  can  exist  as  to  the  presence  of  albumen  in  the  urine.  But  it 
is  diflerent  when  only  a  small  quantity  of  albumen  is  contained  in 
the  urine ;  in  such  case,  a  slight  cloudiness  may  be  overlooked,  or  it 
may  depend  upon  the  precipitation  of  other  matters,  and  especially 
of  urates — more  rarely  of  urea — and  may  be  mistaken  for  albumen. 
In  such  cases,  therefore,  we  must  add  the  nitric  acid  cautiously. 
The  best  process  is  that  recommended  by  Heller.  A  small  glass  is 
filled  two-thirds  full  of  urine,  and  a  little  nitric  acid  then  carefully 
and  very  slowly  poured  down  its  side,  so  as  to  allow  of  its  collecting 
in  the  bottom.  A  well-defined  turbidity  will  then  be  observed 
in  the  layer  of  urine  above  the  nitric  acid,  if  the  urine  contain 
albumen.  This  cloudy  layer  contrasts  with  the  rest  of  the  urine, 
and  cannot  be  readily  overlooked.  In  this  way  the  minutest  por- 
tions cf  albumen  may  be  discovered  in  the  urine. 
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A  cloudiness  of  the  urine  depending  upon  urates  may  be  also 
caused  by  the  nitric  acid,  but  in  such  case  it  is  only  well-defined  in 
the  lower  layer  of  urine  immediately  over  the  acid,  cloudy  streaks 
being  formed  above  in  almost  all  parts  of  the  urine.  A  practised  eye, 
indeed,  is  able  in  this  way  to  distinguish  between  albumen  and  salts 
of  the  urates,  when  they  occur  together  and  occasion  cloudiness  of 
the  urine.  Immediately  above  the  clear  layer  of  acid  there  is  a 
well-defined  cloudy  layer  of  coagulated  albumen;  above  this  there 
is  another  clear  layer,  and  then  a  layer  which  is  rendered  cloudy 
by  urates."^ 

II.  By  boiling  the  urine,  the  albumen  in  it  is  coagulated.  Much 
albumen  causes  a  flocculent  coagulum ;  a  small  quantity  occasions  a 
cloudiness. 

This  test  may  also  lead  us  into  error.  Boiling  may  cause  a 
cloudiness  to  appear  in  the  urine,  when  no  albumen  is  present  in  it. 
This  cloudiness  is  caused  in  most  instances  by  phosphatic  salts,  and 
in  very  rare  cases — in  osteomalachia — ^results  from  the  presence  of  a 
peculiar  proteine-body,  different  from  albumen.f  Cloudiness  arising 
from  these  causes  is  easily  distinguished  from  the  cloudiness  of 
albumen,  for  it  readily  disappears  on  the  addition  of  hydrochloric  or 
acetic  acid.  The  cloudiness,  again,  produced  by  the  proteine-body, 
is  dissolved  by  caustic  potash,  which  is  not  the  case  with  the  cloudi- 
ness produced  by  phosphatic  earths.  The  proteine-body  is  also 
distinguished  from  albumen  by  the  fact  that  it  is  not  precipitated  by 
nitric  acid. 

Albumen  in  urine  is  not,  under  all  circumstances,  coagulated  by 
boiling,  as,  for  instance,  when  the  urine  is  alkaline.  Consequently, 
it  is  always  necessary  to  ascertain  the  reaction  of  the  urine  before 
boihng  it ;  and  if  it  be  alkaline  to  neutralise  it  by  the  careful  addi- 
tion of  acetic  acid. 

Sometimes,  though  very  rarely,  boiling  does  not  precipitate 
albumen  even  in  acid  urine.  This  happens  when  the  urine  contains 
free  hydrochloric  or  nitric  acids  in  such  quantity  as  to  form  a  com- 
pound with  the  albumen,  which  is  soluble  both  in  cold  and  boiling 
water.     (Dr.  Bence  Jones.) 

When,  therefore,  we  wish  to  decide  with  certainty  whether  urine 
does  or  does  not  contain  albumen,  it  is  advisable  to  apply  both 
tests — nitric  acid  and  boiling. 

*  Heller's  Archiv  fiir  Chemie  und  Mierosc,  1852,  p.  163. 
t  Heller,  op.  cit„  p.  167. 
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II.  What  indication  does  the  presence  of  albumen  in  the  urine 
yield  to  the  physician  ? 

.  The  answer  to  this  question,  which  has  much  occupied  the 
attention  of  pathologists  and  therapeutists,  is  very  difficult.  Great 
caution,  indeed,  is  required  in  judging  of  the  signification  to  be 
attached  to  the  presence  of  albumen  in  the  urine.  Erroneous  con- 
clusions may  be  readily  adopted,  and  unfortunately  often  are  so  in 
this  matter.  Thus,  some  persons  have  held  that  albuminuria  is  a 
positive  sign  of  organic  disease  of  the  kidney. 

The  following  remarks  will  here  serve  to  assist  us  in  the  matter 
of  diagnosis  and  prognosis  : — 

I.  The  albumen  in  the  urine  may  depend  upon  organic  disease, 
connected  with  serious  alteration  and  disorganisation  of  the  paren- 
chyma of  the  kidney.  (Exudation  into  the  renal  tubuli,  alterations 
in  and  separation  of  the  epithelium, — Bright^s  disease,  amyloid 
degeneration  of  the  kidneys,  &c.)  We  may  be  sure  that  this  is  the 
case  when  urinary  cylinders,  or  epithelium  from  the  urinary  tubuli, 
are  found  in  the  urine.  We  may  suspect  that  the  albumen  depends 
upon  organic  disease  of  the  kidney,  when  dropsy  is  also  present; 
or  when  albumen  in  large  quantity  has  been  present  for  a  long 
time— weeks  or  months— in  the  urine.  Prognosis,  in  such  cases,  is 
unfavourable ;  recovery  seldom  occurs ;  though  it  may  do  so  in 
some  exceptional  cases,  when  the  parenchyma  of  the  kidneys  is  only 
partially  diseased. 

II.  The  albumen  in  the  urine  may  depend  upon  some  local  disease 
of  the  urinary  organs,  there  being  no  Bright's  disease  present. 

The  urine  becomes  albuminous  when  blood,  blood-plasma,  or  pus 
is  mixed  with  it.  But,  in  such  cases,  the  urine  contains,  in  addi- 
tion to  the  albumen,  blood-corpuscles,  colouring-matter  of  the 
blood,  fluid  or  coagulated  fibrine,  and  pus-corpuscles.  The  dia- 
gnosis of  these  abnormal  constituents  of  the  urine  will  be  found  in 
the  following  S(!ctions. 

It  would  appear  that  the  urine  may,  in  some  rare  cases,  become 
albuminous  through  the  mixture  of  semen  with  it.^  Irritation  and 
hypersemia  of  the  kidneys  may  also  render  the  urine  albuminous ; 
in  such  cases,  the  capillaries  of  the  kidneys  are  probably  so  altered 
as  to  permit  the  albumen  to  filter  through  them,  and  pass  into  the 
urine.  This  is  sometimes  observed  after  the  use  of  powerful 
diuretics,  cantharides,  &c. ;  after  ligature  of  the  renal  veins,  or  of 
♦  Dr.  Bence  Jones'  Animal  Chemistry,  1850,  p.  108. 
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the  aorta  below  the  origin  of  the  renal  arteries,  after  the  injection  of 
a  large  quantity  of  water  into  the  blood,  and  especially  under  those 
conditions  which  occasion  increase  of  the  blood-pressure  in  the  renal 
vessels.  Many  diseases  undoubtedly  exercise  a  similar  influence  on 
the  kidney,  and  thereby  render  the  urine  albuminous. 

III.  There  are  certain  alterations  of  the  nutritive  processes  also,  and 
of  the  blood  in  particular,  which  probably  occasion  the  passage  of 
albumen  into  the  urine,  independently  of  any  local  affection  of  the 
kidneys.  But  of  these  alterations  and  of  their  mode  of  action  we 
know,  as  yet,  very  little.  The  following  facts  are  worthy  of  con- 
sideration under  this  head  : — 

a.  Albumen  very  often  appears  in  the  urine,  when  the  blood 
contains  much  water  and  little  albumen;  Hyp-albuminosis,  Hy- 
drsemia ; 

h.  When  albumen  in  solution  is  injected  into  the  blood  of  animals, 
their  urine  sometimes  becomes  albuminous,  and  sometimes  not. 
Experiments  of  this  kind  have  led  to  the  hypothesis  (Corvisart, 
Schiff ),  that  certain  forms  of  albumen  pass  more  readily  than  others 
through  the  walls  of  the  renal  vessels.  It  has  also  been  conjectured, 
that  particular  modifications  of  the  albumen  of  the  blood,  which  are 
produced  in  disease  by  abnormal  tissue-metamorphosis,  occasion 
albuminous  urine. 

Whether  or  not  any  visible  alteration  of  the  kidneys,  hypersemia 
and  enlargement  of  the  blood-vessels,  with  partial  separation  of  the 
renal  epithehum,  really  exists  in  the'  cases  a  and  hy  here  men- 
tioned, cannot  be  ascertained.  This  much,  however,  is  certain,  that 
such  affection  of  the  kidneys,  whatever  its  nature,  is  only  temporary ; 
and  consequently,  that  it  is  not  possible  to  decide  as  to  the  existence 
of  any  organic  disease  of  the  kidneys — Bright^s  disease — simply  from 
the  presence  of  albumen  in  the  urine ;  other  signs,  such  as  fibrinous 
casts,  are  required  for  this  purpose.  We  cannot,  in  fact,  conclude 
with  certainty  as  to  the  presence  of  Bright 's  disease,  except  in  those 
cases  in  which  the  urine  has  been  constantly,  and  for  some  length  of 
time,  albuminous. 

If  we  have  sufB.cient  reason  to  believe  that  Bright^s  disease  is  not 
present,  we  have  then  to  decide  whether  the  albuminuria  depends 
upon  irritation  of  the  kidneys,  or  upon  some  changed  condition  of 
the  blood.  The  answer  to  this  requires  a  further  investigation  into 
the  case,  and  cannot  in  the  majority  of  instances  be  given  with 
certainty.     The  question  is,  however,  often  one  of  much  importance 
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as  regards  treatment,  especially  when  we  have  to  decide  as  to  the 
use  of  diuretics. 

Sometimes  a  quantitative  analysis  of  the  albumen  separated  with 
the  urine  is  desirable,  in  cases  in  which  we  wish  to  know  how  much 
albumen  is  in  this  way  removed  from  the  body,  and  whether  or  not 
we  have  reason  to  fear  impoverishmeut  of  the  blood.  Hyp-albu- 
minosis.    Hydrsemia. 

The  following  considerations  wiR  assist  the  physician  in  the 
quantitative  estimation  of  the  albumen.  The  percentage  of  albumen 
in  the  urine  must  not  only  be  determined,  but  it  must  be  determined 
for  a  given  time,  and,  best  of  all,  for  24  hours. 

The  quantity  of  albumen  which  is  passed  with  the  urine  varies 
greatly,  from  a  minimum  of  less  than  1  gramme  up  to  20  and  even 
30  grammes  in  the  24  hours.  Keeping  these  facts  in  mind,  the 
loss  of  albumen  through  the  urine  may  be  considered  under  the  fol- 
lowing heads : — 

The  loss  is  insignificant,  and  has  scarcely  any  influence  over  the 
blood  or  the  metamorphic  changes,  when  the  quantity  separated  is 
less  than  2  grammes  in  the  24  hours ; 

The  loss  is  moderate  when  the  daily  quantity  averages  from  6  to 
8  grammes; 

The  loss  is  considerable,  when  the  quantity  of  albumen  exceeds 
from  10  to  12  grammes  in  the  24  hours. 

We  very  rarely  meet  with  cases  in  which  as  much  as  20  grammes 
and  upwards  of  albumen  are  passed  in  the  24  hours ;  or  in  which 
such  a  quantity  is  passed  for  any  length  of  time.  28*3  grammes 
Avas  the  maximum  quantity  observed  in  a  great  number  of  cases 
investigated  by  myself. 

In  endeavouring  to  ascertain  what  influence  this  loss  of  albumen 
has  upon  the  constitution  of  the  blood,  and  how  far  it  operates  in 
inducing  an  abnormal  diminution  of  the  albumen  in  the  serum  of  the 
blood  (Hyp-albuminosis,  Hydrsemia),  we  must  proceed  asfoUows :  Let 
us  suppose  that  all  the  most  unfavourable  conditions  are  present,  so 
that  the  serum  forms  only  about  one-half  of  the  whole  mass  of  the 
blood,  and  that  an  adult  has  about  6000  C.  C.  of  blood-serum, 
containing  8  per  cent,  of  albumen,  or  480  grammes  of  albumen  in 
the  whole. 

Thus  if  we  suppose,  that  so  long  as  the  albuminuria  lasts  no 
albumen  is  formed  from  the  proteine-bodies  which  are  taken  as  food, 
and  from  the  hsemato-globuline  of  the  broken -up  blood  corpuscles. 
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If  now,  we  suppose,  tliat  an  average  of  10  grammes  of  albumen 
passed  daily,  i.e.,  100  grammes  in  10  days,  the  quantity  of  albumen 
in  the  blood  would  be  jeduced  to  380  grammes,  and  the  relative 
proportion  of  blood-serum  from  80  to  64  per  1000  in  that  time. 
Such  a  condition  would  of  itself  indicate  a  moderate  degree  of 
hydraemia.  A  similar  loss  of  albumen  going  on  during  26  days 
would  reduce  the  quantity  of  albumen  in  the  blood  down  to  37  per 
1000 — which  corresponds  closely  with  the  minimum  amount  of 
albumen  in  the  blood-serum  observed  by  Becquerel  and  Eodier. 

Such  considerations  indicate,  that  in  cases  in  which  the  albumen 
in  the  urine  is  very  abundant,  a  high  degree  of  hydrsemia  may  be 
induced  in  a  comparatively  short  space  of  time.  Experience,  how- 
ever, tells  us,  that  the  action  of  albuminuria  on  the  constitution  of 
the  blood  is  rarely  ever,  in  fact,  so  considerable,  except  in  cases 
attended  with  acute  fever,  and  in  patients  in  whom  the  appetite  is 
lost,  and  the  digestive  powers  prostrated.  It  must  be  remembered, 
that  100  grammes  of  meat  contain  from  about  15  to  20  parts  of 
proteine-matters,  which,  if  the  digestion  is  good,  are  almost  wholly 
converted  into  a  soluble  form  of  albumen,  and  pass  directly  into  the 
blood ;  consequently,  a  daily  loss  of  10  grammes  of  albumen  may, 
under  favourable  circumstances,  be  replaced  by  an  addition  of 
three  ounces  of  meat,  or  of  a  corresponding  quantity  of  proteine- 
food  to  the  daily  diet.  In  fact,  we  often  observe  cases  in  which, 
when  the  digestion  is  tolerably  good  and  there  is  no  fever,  a 
moderate  degree  of  albuminuria  continues  for  months,  without  pro- 
ducing any  perceptible  hydrsemia. 

The  means  ordinarily  employed  for  ascertaining  the  quantity  of 
albumen  in  the  urine  have  been  already  described.  Heller  has  given 
a  process  for  ascertaining  indirectly  the  quantity  of  albumen  in  the 
urine.^ 

It  is  applicable  in  most  cases,  where  very  accurate  results  are  re- 
quired. The  following  is  the  mode  of  proceeding : — A  certain 
quantity  of  urine — 10  to  15  grammes — are  evaporated;  the  extract 
dried  over  sulphuric  acid,  and  the  quantity  of  solid  residue  deter- 
mined. Another  portion  of  the  same  urine  is  weighed  in  a  small 
flask,  treated  with  as  much  acetic  acid  as  is  required,  boiled  until  the 
albumen  is  completely  separated,  and  when  cool  placed  on  the 
balance  and  again  brought  to  its  original  weight  by  the  addition  of 

*  Heller's  Archiv.  1852,  p.  266. 
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water.  The  boiled  urine  is  then  filtered,  and  a  certain  quantity  of 
the  filtrate  weighed  ofi^,  evaporated,  and  the  residue  dried  over 
sulphuric  acid.  The  difference  per  cent,  between  the  residue  of 
the  original  urine  and  of  the  residue  of  the  urine  freed  from  albumen, 
by  boiling,  gives  the  quantity  of  albumen. 

This  method  of  proceeding  is,  unfortunately,  long  and  tedious,  and 
can,  therefore,  be  seldom  resorted  to  by  the  physician,  especially  in 
cases  in  which  he  desires  to  ascertain  for  weeks  and  months  together 
the  quantity  of  albumen  in  the  urine.  In  such  cases  the  quantitative 
estimation  of  the  albumen  may  be  made  by  the  polarising  apparatus, 
as  recommended  by  Hoppe  (Virchow's  Archiv.  Vol  IL,  p.  574). 
Another  process  recommended  by  Boedecker  (Henle  and  Pfeufer's 
Zeitschrift,  1859,  p.  321),  viz.:  the  determination  of  the  albumen 
volumetrically  by  means  of  ferrocyanide  of  potassium,  gave  very  un- 
satisfactory results  in  my  hands. 

A  much  more  simple  process  is  followed  when  the  physician 
wishes  to  obtain  merely  an  approximative  idea  of  the  quantity  of  albu- 
men in  the  urine,  when  for  example,  he  would  know  whether  the 
quantity  is  great  or  small,  or  whether  it  is  on  the  increase  or  is 
diminishing. 

The  albumen  in  diff'erent  specimens  of  urine  is  precipitated,  either 
by  boiling  or  by  nitric  acid,  in  test-glasses  of  exactly  the  same 
diameter,  and  the  precipitate  left  at  rest  for  12  or  24  hours. 
The  relative  quantity  of  the  albumen  in  the  urine  may  be  in  this 
way  readily  estimated.  The  urine  of  different  days,  after  precipi- 
tation, is  preserved,  and  by  a  comparison  of  the  relative  amount  of 
albumen  in  each  specimen  we  learn  whether  the  albumen  diminishes 
or  increases.  The  amount  of  albumen  may  be  still  more  accurately 
determined  if,  instead  of  using  the  ordinary  test-glasses,  we  pour  the 
boiled  urine  into  glass-tubes  of  exactly  similar  diameter  {\  to  |  of 
an  inch),  which  are  closed  at  bottom  by  a  smoothly  cut  and  well- 
fitting  cork.  In  the  course  of  12  to  24  hours  when  the  albumen 
is  completely  precipitated,  we  can,  by  placing  a  measure  by  the 
side  of  the  tube,  determine,  in  lOths  and  lOOths,  what  propor- 
tion the  albuminous  precipitate  bears  to  the  urine  itself. 

It  must  be  remembered,  however,  that  in  this  way  we  ascertain 
the  relative,  not  the  absolute,  quantity  of  the  albumen  in  the  urine. 
Besides  this,  such  methods  of  estimating  the  albumen  are  never 
altogether  to  be  trusted.  Thus  for  instance,  the  precipitated  albumen 
will  occupy  a  greater  or  a  less  space  according  as  the  albumen  is 
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thrown  down  in  larger  or  smaller  masses,  and  also  according  to  the 
specific  gravity  of  the  urine.  I  have  found  by  experiments,  in  which 
the  quantity  of  albumen  has  been  taken  by  weight  as  well  as  by 
volume,  that  errors  to  the  amouut  of  30  to  50  per  cent,  may  occur 
in  this  method  of  estimating  it  by  volume.  Consequently,  the  recent 
conclusions  of  Prench  pathologists,  relative  to  the  separation  of 
albumen  in  albuminuria  under  the  influence  of  various  agencies,  in 
so  far  as  they  are  founded  on  the  estimation  of  the  albumen  by 
volume,  must  be  received  with  great  caution. 


SECTION    LXXXIX. 
PiBRINE. 


Eibrine  sometimes  appears  in  the  urine  in  a  coagulated  as  well  as 
in  a  fluid  state. 

Coagulated  fibrine  appears  in  the  form  either  of  large  particles 
visible  to  the  naked  eye,  as  blood- coagula  in  fact,  which  are  readily 
recognised,  and  cannot  be  mistaken  for  any  other  body  (see  the 
following  Section) ;  or,  more  rarely,  in  the  form  of  colourless,  some- 
times solid,  and  sometimes  jelly-like  coagula;  or  again,  of  very  small 
particles  visible  only  with  the  microscope,  urinary  casts,  &c.  (See 
Sediments.) 

Muid  fibrine  in  the  urine  forms  the  so-called  coagulable  urine, 
which  is  characterised  by  the  circumstance  of  fibrinous  coagula 
forming  in  it  some  time,  generally  several  hours,  after  it  has  been 
passed ;  sometimes  the  coagula  are  only  found  at  the  bottom  of  the 
glass,  forming  there  a  sort  of  adherent  sediment  in  the  lower  layer  of 
urine ;  sometimes  the  coagulum  extends  through  the  whole  of  the 
urine,  and  converts  it  into  a  completely  gelatinous  mass.  Coagulable 
urine  of  this  kind  is  very  rarely  observed  in  Europe;  but  is  met 
with  in  other  quarters  of  the  world,  and,  according  to  Eayer,  in  the 
Mauritius. 

The  fibro-gelatinous  mass  thus  formed  may  be  readily  confounded 
with  that  which  is  much  more  frequently  observed  with  us,  and 
which  is  formed  by  the  action  of  carbonate  of  ammonia,  in  urine 
rich  in  it,  upon  pus-corpuscles  contained  in  the  urine,  as  often 
happens  in  cases  of  vesical  catarrh.    (See  Sections  civ.  and  cv.) 
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Coagulable  urine  sometimes  contains  blood  also.  In  such  case  we 
cannot  be  sure  that  the  urine  contains  fibrine  as  well  as  blood,  unless 
the  fibrinous  coagulum  is  so  large  that  it  cannot  be  ascribed  to  the 
presence  of  the  blood  only. 

I  once  met  with  such  a  case,  in  a  woman  who  was  suffering  from 
Bright^s  disease.  Here,  for  a  long  time,  a  very  pale-red  fibrinous 
coagulum,  containing  numerous  pus-corpuscles  and  a  few  blood- 
corpuscles,  was  regularly  formed  at  the  bottom  of  the  vessels  some 
hours  after  the  urine  was  passed.  The  few  blood-corpuscles  present 
showed  that  the  blood  which  they  represented  was  not  sufficient  to 
produce  the  whole  of  the  fibrinous  coagulum. 

Indication. — The  presence  of  fibrine  in  the  urine,  whether  in  a 
fluid  or  a  solid  state,  always  indicates,  that,  at  some  part  of  the 
urinary  surfaces,  an  exudation  of  a  fibrinous  fluid  (blood-plasma)  has 
taken  place.  In  most  cases  the  fibrine  escapes  out  of  the  kidneys ; 
but  it  may  be  exuded  from  any  part  of  the  urinary  surfaces. 


SECTION   xc. 

Blood  in  the  Urine. 

[Blood-corpuscles. — Blood-coagula) . 

A.  Test. — The  urine  has  the  colour  of  blood ;  and  under  the  mi- 
croscope shows  the  presence  of  the  characteristic  blood-corpuscles. 
(Section  xliii.)  If  the  quantity  of  blood  be  very  small,  we  cannot 
be  sure  of  finding  the  blood-corpuscles  unless  the  urine  has  stood  for 
some  time.  After  standing  the  blood-corpuscles  fall  to  the  bottom 
as  a  red  sediment,  so  that  we  may,  indeed,  in  this  way  often  recognise 
the  presence  of  a  very  small  admixture  of  blood  with  the  naked  eye. 
If  any  doubt  exist  as  to  the  nature  of  the  sediment,  it  must  be 
examined  by  the  microscope. 

The  blood  may  coagulate  in  the  urinary  passages,  if  the  quantity 
of  it  be  rather  large,  and  so  as  to  close  them  up,  producing  thereby 
dysuria,  strangury  or  retention  of  urine,  and  sometimes  occasioning 
the  formation  of  calculi.  Or  the  coagulation  of  the  blood  may  take 
place  in  the  urine  after  it  has  been  passed.     (See  Section  lxxxix.) 

B.  Indication. — The  presence  of  blood-corpuscles  or  of  .blood- 
coagula  in  the  urine  always  indicates,  that  bleeding  has  taken  place 
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at  some  part  of  the  urinary  surfaces.  The  causes  of  such  haemor- 
rhage and  its  consequences  are  very  various.  This,  however,  is  not 
the  place  to  mention  all  the  possible  causes  which  may  give  rise 
to  it.  The  following  considerations  will,  however,  serve  to  guide  us 
in  the  matter  : — 

When  the  urine  contains  a  very  large  quantity  of  blood,  the  blood 
has  most  probably  escaped  either  from  the  pelves  of  the  kidneys, 
from  the  ureters,  or  the  bladder ;  in  such  case,  it  rarely  comes  from  the 
kidneys  themselves.  Sometimes  the  hsemorrhage  depends  upon  a 
general  scorbutic  condition  of  the  body,  the  diagnosis  of  which  is 
'5asy  enough.  With  this  exception,  haemorrhage  from  the  pelves 
of  the  kidneys  and  the  ureters  is  most  frequently  caused  by  renal 
calculi,  rarely  by  ulceration  of  these  parts.  In  such  cases,  in 
addition  to  the  haemorrhage,  there  usually  exists  inflammation  of 
the  pelvis  of  the  kidney  and  of  the  ureters  (pyelitis) ;  and  the  urine 
sometimes  contains  fragments  of  calculi  or  gravel,  as  well  as  blood- 
and  pus-corpuscles.  Pain  in  the  neighbourhood  of  the  kidneys  and 
in  the  course  of  the  ureters  is  also  present.  These  symptoms  gene- 
rally enable  us  to  arrive  at  a  correct  diagnosis. 

If  no  pain  exist  either  about  the  kidneys  or  in  the  course  of  the 
ureters,  the  haemorrhage,  we  may  conclude,  has  probably  taken  place 
from  the  surface  of  the  bladder.  The  causes  of  such  haemorrhage  are  : 
Congestion  of  the  mucous  membrane  of  the  bladder,  causing  rupture 
of  its  vessels ;  vesical  calculi ;  erosions  or  ulcerations  of  the  membrane, 
or  serious  organic  injury  of  the  bladder,  as  produced  for  instance 
by  cancer.  The  symptoms  of  disease  of  the  bladder  which  are 
present  in  such  cases  generally  point  out  to  us  the  seat  of  the 
haemorrhage ;  the  nature  of  the  disease,  moreover,  may  be,  in  most 
cases,  ascertained  by  close  and  careful  observation. 

Sudden  or  temporary  symptoms  of  affection  of  the  bladder— dysuria, 
ischuria — appearing  without  any  premonitory  signs,  can  only  occur 
when  the  haemorrhage  has  arisen  in  the  pelves  of  the  kidneys  or  in  the 
ureters.  Such  affection  happens,  when  the  blood  which  has  found 
its  way  into  the  bladder  coagulates,  and  thereby  stops  up  the  ure- 
thral opening,  rendering  micturition  difficult  or  impossible.  Coagula 
formed  in  the  ureters  and  passed  into  the  bladder  may  produce  a  like 
effect. 

If  the  quantity  of  blood  in  the  urine  is  small,  and  there  are  no 
symptoms  present  to  indicate  an  affection  of  the  urinary  passages,  it 
is  probable,  that  the  blood  has  escaped  from  the  parenchyma  of  the 
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kidneys,  and  especially  from  the  blood-vessels  of  the  Malpighian 
corpuscles.  In  such  case  we  have  probably  to  deal  with  one  of 
those  disorders  which  are  placed  under  the  extensive  class  of  affec- 
tions, called  Bright's  disease.  The  urine,  if  the  haemorrhage  be  not 
of  a  mere  transitory  kind,  will  likewise,  in  such  case,  contain,  in 
addition  to  the  blood,  fibrinous  casts,  or  pus-corpusles,  and  granular 
cells,  by  the  presence  of  which  we  are  sometimes  able  to  diagnose 
with  tolerable  certainty,  certain  forms  of  kidney  affections. 

In  all  cases  of  haemorrhage  from  the  urinary  surfaces,  the 
physician  should  endeavour,  not  only  to  ascertain  the  seat  and 
cause  of  the  haemorrhage,  but  also  to  determine  its  possible  con- 
sequences. 

The  following  considerations  may  be  of  service  for  this  pur- 
pose : — 

Haemorrhage  from  the  urinary  surfaces  is  rarely  so  serious  as  to 
occasion  directly  an  essential  diminution  of  the  blood-corpuscles,  to 
produce  anaemia  or  oligocythaemia. 

The  evil  consequences  which  more  usually  result  from  the 
haemorrhage  are  impediments  to  the  evacuation  of  the  urine,  stop- 
page of  the  ureters  or  urethra,  produced  by  coagula  of  the  blood  in 
the  urinary  passages.  The  coagula,  also,  sometimes  form  nuclei  of 
calculi.  Even  in  those  cases,  in  which  the  quantity  of  blood  poured 
out  is  very  slight,  small  coagula  may  become  the  nuclei  of  urinary 
calculi. 

In  forming  a  prognosis  of  the  haemorrhage  we  must  of  course 
take  into  consideration  the  nature  and  course  of  the  disease  which 
has  caused  the  haemorrhage,  as  weU  as  the  possible  consequences  of 
the  haemorrhage  itself — the  affection  of  the  kidney,  for  example,  the 
pyelitis,  the  vesical  disease,  &c. 

Urine,  which  contains  blood-corpuscles,  must  also  of  necessity 
contain  fibrine  and  albumen — these  being  integral  constituents  of 
blood.  We  can  only  decide  by  general  investigation,  founded  on 
an  approximative  determination  of  the  quantity  of  these  three  con- 
stituents of  the  blood,  whether  the  whole  of  them  present  in  the 
urine  is  derived  from  the  blood  which  has  escaped  from  the  urinary 
surface,  or  whether  in  addition  to  the  blood  there  has  been  an 
exudation  of  fibrine  or  albumen.     (Section  lxxxix.) 
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section  xci. 
Dissolved  Blood. — Fluid  H^mato-globuline. 

The  urine  sometimes  presents  a  bloody  or  reddish-brown,  or 
brownish-black,  or  even  an  inky  coloration,  and  yet,  under  the 
most  careful  microscopic  observation  blood-corpuscles  cannot  be 
detected  in  it.  If,  however,  such  urine  be  boiled,  either  with  or 
without  the  previous  addition  of  acetic  acid,  a  more  or  less  abundant  _ 
reddish-brown  coagulum  is  formed  in  it,  precisely  similar  to  that  m 
which  blood  diluted  with  water  yields  when  boiled.  If  this  coagu- 
lum be  then  boiled  in  alcohol  containing  sulphuric  acid,  the  liquid 
becomes  of  a  reddish-brown  colour  in  consequence  of  the  solution 
of  the  hsemato-globuline.     (See  Section  xliii.) 

Prom  this  fact  we  may  conclude  that  the  urine  itself  contains 
hsemato-globuline. 

Urine  of  this  kind  is  occasionally  met  with  in  diseases,  which  are 
associated  with,  what  is  called,  a  dissolved  state  of  the  blood — in 
scurvy,  in  putrid  and  typhus  fevers,  in  malignant  remittent  fever, 
after  the  inhalation  of  arseniuretted  hydrogen."^ 

Examples. — A.,  a  young  man,  suffering  from  a  severe  attack  of 
typhus,  at  the  height  of  the  fever  passed  for  several  consecutive 
days  urine  of  a  blood-red  colour.  No  trace  of  blood-corpuscles 
could  be  found  in  the  urine,  but  when  it  was  boiled  an  abundant 
coagulum  of  hsemato-globuline  was  formed  in  it.  Some  days  later 
this  state  of  the  urine  disappeared,  and  the  patient  completely 
recovered,  though  slowly. 

X.,  who  was  in  perfect  health,  whilst  performing  an  experiment 
inhaled  a  gaseous  mixture,  which  contained,  in  addition  to  atmo- 
spheric air,  hydrogen  mixed  with  some  arseniuretted  hydrogen. 
He  suddenly  became  unwell,  but  soon  recovered.  The  urine  which 
he  passed  shortly  afterwards  was  of  an  inky  blackness ;  it  contained 
no  corpuscles,  but  when  boiled  yielded  an  abundant  coagulum  of 
hsemato-globuline.  This  condition  of  the  urine  lasted  for  about  24 
hours. 

A  dog,  to  whom  a  large  quantity  of  arseniuretted  hydrogen  had 
been  given  experimentally,  also  passed  urine  of  a  dark  brownish- 
black  colour,  containing  much  hsemato-globuMne. 

*  J.  Vogel,  im  Archiv  d.  Vereins  f.  gemeinseh.  Arbeiten.  Bd.  1,  Heft  2, 
p.  209. 
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The  passage  of  the  hsemato-globuline  into  the  urine  may  perhaps 
be  explained  in  the  following  way :  In  the  body  the  blood- 
corpuscles  are  continually  decomposed  during  the  metamorphosis  of 
the  tissues,  and  haemato-globuline  thereby  set  free.  When  the 
nutritive  changes  go  on  normally,  the  small  quantity  of  hsemato- 
globuline  set  free  in  the  blood  undergoes  further  changes,  the 
globuline  serving  for  the  nutrition  of  the  muscles  and  other  proteine- 
tissues,  and  being  at  last  separated  from  the  body  as  urea  and  uric 
acid ;  whilst  the  hsematine,  passing  through  other  forms,  is  at  last 
most  probably  separated  from  the  body  as  urinary  and  biliary 
pigment  matters.  Hsemato-globuline,  consequently,  under  normal 
conditions,  never  passes  into  the  urine.  When,  however,  in 
diseased  states  of  the  body,  large  quantities  of  the  blood-corpuscles 
are  suddenly  decomposed,  the  amount  of  hsemato-globuline  in  the 
blood  is  so  great  that  the  whole  of  it  cannot  undergo  the  normal 
changes  above  described.  Under  such  circumstances,  it  would 
appear  that  a  part  of  the  hsemato-globuline  passes  unchanged  into 
the  urine,  just  as  we  find  happens  with  other  bodies,  such  as 
sugar,  biliary  matters,  perhaps  also  albumen,  when  present  in 
large  quantities  in  the  blood. 

Indication. — The  presence  of  hsemato-globuline  in  the  urine  is 
important  to  the  physician  in  two  ways  : — 

1.  It  indicates  the  fact  of  an  excessive  decomposition  of  blood- 
corpuscles;  and  under  this  head  we  may  notice  practically  two 
possible  causes  : 

a.  The  cause  may  be  of  a  temporary  kind,  and  in  such  case  the 
mischief  consists  in  the  loss  of  a  greater  or  smaller  quantity  of 
blood-corpuscles.  The  prognosis  is  favourable,  as  in  the  cases 
above  related; 

b.  The  cause  again  may  operate  permanently,  and  then  there  will 
be  a  dissolution  of  the  blood,  such  as  to  endanger  life.  Here  the 
prognosis  is  unfavourable,  or  at  all  events  doubtful.  We  meet  with 
this  condition  of  the  affection  in  severe  scurvy,  in  typhus  with 
dissolution  of  the  blood,  in  septic  fevers,  &c. 

2.  We  learn  from  the  observations  of  Meckel,  Hesclil.,  Prerichs, 
and  particularly  from  the  beautiful  experiments  of  Jul.  Planer,"^ 
that  in  certain  cases,  and  very  probably  in  those  cases  in  which  a 

*  Ueber  das  Yorkommen  von  Pigment  im  Blute.  Zeitschr.  d.  Wiener 
Aerzte,  1854,  p.  127  and  280. 
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large  amount  of  hsemato-globuline  is  set  free,  granular  pigment 
collects  in  the  bloody  and  may  produce  serious  results  by  obstructing 
the  capillary  blood- vessels,,  especially  the  cerebral  vessels.  It 
therefore  appears  advisable  to  examine  the  blood  microscopically 
in  all  such  cases,  to  ascertain  if  it  deposits  pigment- matters,  before 
giving  a  prognosis. 


section  xcii. 
Pat. 

C.  Meitenheimer.  Arckiv  f.  Gemeinsch.  Arheiten,  Bd.  1,  Hft. 
3.  p.  374. 

A.  G.  Lanz.   Be  aclipe  in  urind.     Dorpati,  1852. 

L.  Beale.  London  Microsc.  Journal,  January,  1853,  1,  2. — • 
Schmidt's  Jahrbuch,  1853,  7.  p.  7. 

Kletzinsky  in  Heller's  Archivy  1852.  p.  287. 

Our  knowledge  concerning  the  origin  and  the  signification  of  fat 
in  the  urine  is  still  very  incomplete.  We  know  not,  with  any 
certainty,  how  often,  in  what  quantity,  and  under  what  conditions  it 
appears  in  healthy  urine;  and  little  has  been  hitherto  ascertained  of 
its  origin  in  diseased  states  of  the  body.  The  subject,  therefore, 
requires  further  investigation.  It  seems  probable  from  what  we  do 
know  of  the  matter,  that  the  presence  of  fat  in  the  urine  will  some 
day  give  us  important  information  as  being  the  indication  of  several 
pathological  conditions,  and  particularly  of  fatty  disease  of  the 
kidneys. 

a.  Tests. — To  ascertain  the  presence  of  fat  in  the  urine,  we  resort 
to  the  process  pointed  out  in  Section  xxx.  The  best  way  of  pro- 
ceeding is  the  following  : — 

1.  Sometimes  we  are  able,  with  the  unaided  eye,  to  see  specks  of 
fat  in  the  urine  similar  to  what  are  seen  swimming  on  soup.  These 
spots  must  be  further  tested  by  trying  whether  the  stain  which  they 
make  on  paper  remains  after  the  paper  has  been  dried.  In  all  cases 
the  physician  must  be  sure  that  the  presence  of  the  fat  is  not  acci- 
dental— that  it  is  not  derived  from  any  oily  or  fatty  impurities 
accidentally  attached  to  the  urinals,  &c.  This  source  of  deception 
is  far  from  uncommon. 

2.  In  other  cases  the  fat  is  recognised  by  the  microscope.     It 
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appears  in  the  form  of  drops  or  granules,  well  known  to  all  micro- 
scopic observers,  either  free  or  enclosed  in  cells,  in  exudation  masses, 
or  in  fibrinous  cylinders,  &c.  To  find  these  fatty  particles  we  must 
either  seek  for  them  in  the  superficial  layer  of  the  urine,  where  they 
usually  float  on  account  of  their  light  specific  gravity,  or  at  the 
bottom  of  the  urine  when  the  fat  is  enclosed  in  cells  or  coagida, 
which  form  sediments. 

3.  The  fat,  again,  may  be  in  such  a  minute  state  of  division  in 
the  urine  as  not  to  be  recognisable  even  with  the  microscope.  In 
such  case  we  must  ascertain  its  presence  chemically,  as  described  in 
Sections  xxx.  c,  and  lxxvii. 

B.  Indication. — It  would  appear  that  fat  in  the  urine,  when  not 
of  mere  temporary  occurrence,  is  an  indication  of  importance  to  the 
physician,  as  showing  the  probable  existence  of  fatty  degeneration 
of  the  kidneys,  which  may  exist  alone,  or  may  be  associated  with 
contraction  of  the  kidneys, — one  of  the  numerous  forms  of  the 
so-called  Bright's  disease.  In  the  last  case,  the  formation  of  fat 
occurs  either  in  the  secreting  cells  of  the  kidneys,  the  epithelia  of 
the  urinary  canals,  or  it  arises  through  fatty  metamorphosis  of  exu- 
dations deposited  in  the  kidneys. 

It  is,  however,  not  improbable  that  fat  in  the  urine  may  depend 
upon  other  causes  besides  those  here  mentioned.  Thus  it  may 
depend : 

Upon  a  fatty  degeneration  of  the  epithelial  cells  of  the  ureters 
and  the  bladder ; 

Or  upon  an  excessive  amount  of  fat  in  the  blood,  which  possibly 
may  occasion  the  passage  of  fat  into  the  urine,  unaccompanied  with 
any  degeneration  of  the  parenchyma  of  the  kidney  : 

If  we  wish  to  study  this  fatty  condition  of  the  urine  more  closely, 
it  will  be  necessary  to  determine  the  amount  of  fat  quantitatively ; 
and  this  may  be  done  either  by  an  approximative  estimate  of  the 
quantity  ;  or,  and  more  accurately,  by  chemically  extracting  and 
weighing  the  fat,  which  is  passed  with  the  urine  in  a  given  time — 
say  24  hours.  The  quantitative  determination  of  fat  may  be  ascer- 
tained by  the  process  described  in  Section  lxxvii.,  or,  better  still, 
after  Kletzinsky^s  method.  Kletzinsky  first  boils  the  evaporated  urine 
with  alcohol,  to  which  a  couple  of  drops  of  acetic  acid  have  been 
added,  again  evaporates  to  dryness  in  a  water-bath,  and  then  extract^ 
with  ether.  By  this  process  the  organic  matter  is  more  thoroughly 
exposed  to  the  fat-dissolving  power  of  the  ether,  and  any  saponified 
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fat  which  may  be  present  is  robbed  of  its  alkaline  base,  and  incor- 
porated with  the  ethereal  extract.  These  processes  are,  however, 
troublesome,  and  require  much  time  for  their  performance.  Very 
few  attempts  of  this  kind  have  as  yet  been  made;  in  fact,  I  am 
acquainted  with  no  investigations  in  which  the  quantity  of  fa 
passed  in  a  given  time  has  been  reckoned.  The  following  experi] 
ments,  however,  may  be  of  service : — 

Kletzinsky  found  in  the  urine  of  different  persons,  who  wei 
suffering  from  Bright's  disease,  the  following  quantity  of  fat  ii 
1000  parts  of  urine :  0-24,  0*26,  0-28,  0-35,  0-37,  0-48,  1-27. 

Dr.  Beale,  on  the  other  hand,  found  in  one  case  14  parts  of  fat 
1000  parts  of  urine. 


section  xciii. 
Bile-Pigments. 


The  bile-pigments  met  with  in  the  urine  are  cholepyrrhine  and 
biliverdine.  The  process  required  for  showing  their  presence  will  be 
found  in  Section  xxiv. 

Indication. — In  some  rare  cases  traces  of  bile-pigment  have  been 
found  in  the  urine  of  persons  in  perfect  health,  and  particularly  at 
the  hot  season  of  the  year."^  The  bile-pigment  is  found  present  in 
large  quantities  only  in  cases  of  jaundice. 

Its  presence  may  be  thus  explained ;  The  passage  of  the  bile 
from  the  liver  into  the  intestines  being  impeded,  the  bile  enters  by 
absorption  into  the  circulation.  By  this  means  it  accumulates  in 
the  blood,  and  is  mingled  with  all  the  secretions,  but  most  particu- 
larly with  the  urine.  It  is  very  doubtful,  whether  any  primary 
accumulation  of  bile-pigment  takes  place  in  the  blood,  that  is  to  say, 
whether  it  can  pass  directly  into  the  urine  from  the  blood,  without 
having  previously  formed  a  constituent  of  bile,  and  been  secreted 
from  the  liver. 

The  presence  of  bile-pigment  in  the  urine  is  of  no  great  value  as 
a  diagnostic  sign,  as  jaundice  is  generally  to  be  recognised  by  other 
signs.  In  cases  in  which  the  yellow  colour  of  the  skin  and  the 
conjunctiva  is  doubtful,  the  presence  of  the  pigment  in  the  urine 
may  confirm  the  diagnosis. 

*  Scherer,  Ann.  d.  Chem.  u  Pharm.    Bd.  57,  p.  180-195. 
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The  biliverdine  is  generally  present  in  the  urine  in  greater 
quantity  than  the  cholepyrrhine ;  sometimes  only  biliverdine  is  to 
be  found  in  it.  As  cholepyrrhine  appears  to  be  an  original  pigment 
in  bile,  and  bihverdine  to  result  from  changes  in  the  original  pig- 
ment, we  may  conclude,  that  in  jaundice  the  greater  part  of  the 
bile-pigment  is  changed  either  during  its  absorption,  or  after  it  has 
reached  the  blood,  or  during  its  passage  into  the  urine. 


SECTION  xciv. 
Biliary  Acids. 


The  biliary  acid  which  occasionally  appears  in  the  urine  is  cholic 
acirl,  or  rather  its  two  conjugate  acids,  taurocholic  and  glycocholic 
acids.  Their  presence  is  shown  in  the  manner  described  in  Section 
XX \^  :  By  evaporation  of  the  urine,  extracting  the  residue  with  alcohol, 
and  treating  the  alcoholic  extract  with  sugar  and  sulphuric  acid. 
(Pettenkofer's  Test.) 

Origin  and  Indication. — Cholic  acid  has  hitherto  been  seldom 
found  in  the  urine,  and  probably  because  it  has  been  seldom  sought 
for.  From  observations  hitherto  made  it  appears  that  its  presence 
ill  the  urine  is  closely  related  to  certain  diseases. 

A  considerable  quantity  of  cholic  acid  is,  under  normal  conditions, 
constantly  poured  out  with  the  bile  into  the  intestines.  By  far  the 
greater  part  of  it  is  absorbed  and  passes  back  into  the  blood; 
where  the  cholic  acid  is  altered  and,  as  such,  disappears  in  a  way 
which  is  not  fully  understood.  If  this  change  does  not  go  on  in 
the  blood,  then  the  cholic  acid  may  accumulate  in  the  blood,  and  a 
portion  of  it  probably  pass  over  into  the  urine.  As  yet  we  do  not 
know  what  the  conditions  are,  which  prevent  this  disappearance  of 
the  cholic  acid  in  the  blood,  and  which  favour  its  passage  into  the 
urine.  We  shall  not  be  able  to"  determine  fully  the  diagnostic  and 
prognostic  value  of  the  presence  of  cholic  acid  in  the  urine  until  we 
have  ascertained  the  nature  of  those  conditions.  We  may,  however, 
deduce  a  few  conclusions,  on  the  subject,  from  the  facts  before  us. 

Thus,  for  example,  it  is  not  altogether  inexplicable  why  we,  as  a 
rule,  find  no  cholic  acid  in  the  urine  in  cases  of  jaundice,  where 
the  urine  is  loaded  with  biliary  pigment-matters.     When  the  flow  of 
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bile  into  tlie  intestines  is  arrested,  the  bile-pigment,  whose  normal 
mode  of  exit  from  the  body  with  the  faeces  is  closed,  must  pass 
awaj  through  a  new  channel ;  and,  in  fact,  it  is  in  part  evacuated 
with  the  urine.  The  cholic  acid,  on  the  other  hand,  passes,  nor- 
mally, in  great  part  back  again  into  the  blood,  and  there  disappears; 
as  therefore  in  jaundice  no  change  takes  place  in  this  respect,  we 
can  readily  understand  why,  as  a  rule,  cholic  acid  is  absent  from 
the  urine  in  this  disease. 

Moreover,  as  the  disappearance  of  the  cholic  acid  takes  place  in 
the  blood  and  not  in  the  liver,  we  should  not,  as  a  rule,  expect  to 
find  cholic  acid  in  the  urine  in  diseases  of  the  liver,  but  rather  in 
those  diseases  of  the  blood  in  which  the  normal  decomposition  of 
cholic  acid  in  the  blood  is  arrested  or  impeded.  It  might  be  anti- 
cipated til  at  this  acid  would  only  be  found  in  the  urine  in  those 
diseases  of  the  liver  which  are  accompanied  with  an  increase  of  the 
biliary  secretion ;  in  such  case  the  cholic  acid  accumulates  in  the 
blood,  and  its  decomposition  there  is  not  complete. 


SECTION  xcv. 
SUGAU. 

To  find  sugar  in  the  urine  we  must  proceed  according  to  Section 
XXI.  D.  If  the  urine  contains  a  large  amount  of  sugar,  the  test  may 
be  performed  without  difficulty.  The  dark  reddish-brown  colour, 
which  saccharine  urine  assumes  when  treated  with  caustic  potash, 
and  boiled  for  some  time,  is  a  sufficient  proof.  A  further  proof 
may  be  obtained  by  testing  the  urine  with  caustic  soda  or  potash 
and  sulphate  of  copper,  or  with  bismuth  and  indigo-carmine.  A 
certain  degree  of  caution  is,  however,  requisite  in  the  use  of  the 
last  test.  When,  for  instance,  the  copper-solution  (Pehling's  or 
BarreswilFs  test)  described  in  Section  lxv.  b.  has  been  long  pre- 
pared, the  tartaric  acid  in  it  readily  decomposes,  so  that  on  applying 
the  test,  boiling  may  produce  an  appearance  of  the  presence  of  sugar, 
where  none  really  exists."^  Hence  it  is  advisable  always  to  prepare 
the  fluid  immediately  before  using  it. 

The  oxide  of  coj^per  is  also  reducible  by  other  substances,  which 

*  Kletzinsky  in  Heller's  Archiv,  1853.    Heft  1,  p.  20. 
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are  almost  constantly  present  in  the  urine,  by  uric  acid  and  mucus. 
I  have  fi'equently  seen  experienced  physicians  thus  led  into  the 
error  of  believing  sugar  present  in  urine  which  contained  none.  It 
is  therefore  well  to  apply  the  other  tests  mentioned,  to  control  the 
copper-test. 

In  cases,  where  the  tests  here  named  give  no  decisive  results,  we 
may  be  sure  that  the  urine  contains  at  most  only  a  very  inconsider- 
able quantity  of  sugar.  Occasionally,  however,  we  may  wish  to 
know  whether  or  not  the  urine  is  perfectly  free  from  sugar,  or 
whether  it  contains  a  very  small  quantity — a  mere  trace — of  it.  To 
answer  this  question  with  certainty  is  difficult.  The  complex  pro- 
ceeding, described  in  Section  xxi.,  must  be  gone  through.  (Pre- 
paration of  an  alcoholic  extract  of  the  evaporated  urine,  of  a 
saccharate  of  potash,  &c.) 

To  make  an  accurate  quantitative  analysis  of  the  sugar  in  the 
urine,  we  must  proceed  according  to  Section  lxv.  The  method  of 
analysis  there  given  is,  however,  rather  complicated,  and  will 
therefore  probably  be  entrusted,  in  most  cases,  by  the  physician  to 
the  chemist.  In  order  to  learn  accurately  the  progress  of  the  secre- 
tion of  sugar,  the  quantity  of  sugar  produced  in  a  given  time 
should  be  noted — the  number  of  grammes  of  sugar,  for  instance, 
secreted  in  one  hour.  The  sugar-contents  of  urine  may  be  much 
more  quickly  determined  by  a  polarising  apparatus  than  chemically; 
by  this  means  sufficiently  accurate  results  may  be  obtained  in  a  very 
short  time. 

Comparative  trials  of  the  accuracy  of  the  different  processes 
employed  to  determine  quantitatively  the  sugar  in  the  urine  (the 
copper-,  the  fermentation-,  and  the  polarisation-tests)  have  been 
made  by  Wicke  and  Listing.  (Henle  und  Pfeifer's  Zeitschrift  Neue 
Folge,    Bd.  vi.,  Heft  3.) 

Attempts  have  also  been  made  to  determine  the  quantity  of  sugar 
in  the  urine  from  its  specific  gravity ;  and  for  this  purpose  tables 
have  been  drawn  out  to  show  the  quantity  of  sugar,  which  urine  of 
a  certain  specific  gravity  should  contain.  This  method  is  much 
practised  in  England,  but,  as  Dr.  Bence  Jones  has  shown,  it  is  very 
inaccurate,  and  cannot  be  employed  if  an  accurate  estimation  is 
required."^ 

*  Dr.  Bence  Jones,  in  the  Medical  Times  and  Gazette,  Feb.  4,  1854,  gives 
the  following  striking  illustrations  of  this  : — 
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In  consequence  of  the  difficulty  attending  the  employment  of  the 
methods  here  mentioned  for  determining  the  quantity  of  sugar  in 
urine,  I  have  proposed  another  process,  which,  however,  gives  only 
approximative,  not  absolutely  accurate,  results.  It  is  simple,  and, 
as  a  rule,  fully  sufficient  for  all  the  purposes  of  the  physician,  who 
in  most  cases  requires  only  to  ascertain,  there  or  thereabouts,  the 
quantity  of  sugar  in  the  urine,  and  whether  the  quantity  increases 
or  diminishes.  The  process  is  founded  on  the  fact,  that  saccharine 
urine,  when  boiled  with  caustic  potash,  assumes  a  yellowish-brown 
colour,  and  that  from  the  intensity  of  the  colour  the  quantity  of 
sugar  may  be  determined  by  the  aid  of  a  scale  of  colours,  in  the 
same  way  as  the  pigment-matter  of  the  urine  (See  Section  liv.). 

The  way  of  proceeding  is  as  follows  : — A  scale  of  colours  is  first 
of  all  made.  A  quantity  of  grape-sugar,  accurately  weighed, — from 
4  to  1  gramme— or,  if  this  cannot  be  obtained  pure,  of  common  cane- 
sugar  is  dissolved  in  from  20  to  30  C.  C.  of  distilled  water.  (If 
cane-sugar  is  used,  a  little  sulphuric  acid  is  added,  and  the  mixture 
is  boiled  for  some  time,  until,  in  fact,  the  cane-sugar  is  converted 
into  grape-sugar.)  Double  its  volume  of  a  moderately  concentrated 
solution  of  caustic  potash  is  then  added  to  the  solution  of  grape- 
sugar,  the  mixture  boiled  for  five  minutes,  and  allowed  to  stand 
half-an-hour.  The  fluid,  which  has  become  of  a  dark  brownish- 
black  colour,  is  then  diluted  with  water,  so  that  1  C.  C.  shall  contain 
10  milligr.  of  sugar. 

A  scale  of  colours  is  then  formed  from  this  fluid  in  the  following 
way : — We  take  six  test-tubes  of  exactly  the  same  diameter ;  in  the 
first,  we  pour  a  mixture  of  19  parts  of  water  and  1  part  of  the 
coloured  fluid;  in  the  second,  9  parts  of  water  and  1  of  the 
fluid;  in  the  third,  8 J  parts  of  water  and  IJ  of  the  fluid;  in  the 
fourth,  8  of  water  and  2  of  fluid,  and  so  on.  In  this  way  we 
obtain  a  scale,  whose  divisions  show  in  1  C.  C.  of  the  fluid  |,  1,  1^, 

Urine  of  1023  sp.  gr.  contained  in  one  ounce  2-2  grammes  of  sugar. 

»        1025  „  „  „            2-1 

,.        1026  „  „  „  4-0 

,.        1027  „  „  „            2-3 

M        1027  „  „  „  4-5 

„        1028  „  „  „  14-5 

n        1029  „  „  „            3-3    .       „ 

1030  „  „  „            3-6 

1030  „  „  „            7'25 

»        1031  „  „  „  14-5 
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2j  2J,  and  3  milligrammes  of  sugar.  If  now,  we  hold  the  stand 
containing  the  tubes  against  the  window,  and  observe  the  colours 
by  transmitted  light,  we  may,  with  a  little  practice,  readily  recognise, 
by  the  intensity  of  colour,  the  particular  shade  belonging  to  each 
division  of  the  scale. 

We  now  measure  off  a  certain  quantity,  10  to  20  C.  C,  of  the 
saccharine  urine  to  be  examined,  boil  it  with  at  least  an  equal 
volume  of  caustic  potash- solution,  allow  it  to  stand  for  half-an-hour, 
until  the  dark-brown  colour  is  completely  formed,  and  then  dilute  it 
with  water,iintil  its  colour  approximates  as  closely  as  possible  to  the 
colour  of  one  of  the  divisions  of  the  scale.  In  this  way  we  learn, 
approximatively,  how  much  sugar  1  C.  C.  of  the  diluted  urine  con- 
tains, and  can  from  thence  very  easily  reckon  the  total  amount  of 
sugar  in  the  urine  examined. 

Indication. — The  explanation  of  the  cause  of  the  presence  of  sugar 
in  the  urine  is  very  difficult.  It  may  be  well,  therefore,  to  keep  in 
view  the  facts  relating  to  the  subject  which  are  most  important  to 
the  physician. 

In  a  practical  point  of  view  the  subject  may  be  considered  under 
two  heads : — 

1.  In  one  case  the  urine  not  only  contains  large  quantities  of 
sugar,  but  the  sugar  is  also  for  a  long  time  together  constantly  pre- 
sent in  it.  Such  urine  is  rarely  ever  free  from  sugar,  and  only 
when  the  patient  has  been  fasting. 

2.  In  the  other  case,  the  urine  contains  only  traces  of  sugar,  or 
the  sugar  is  a  temporary  accident,  or  it  is  present  for  a  short  time 
continuously,  or  in  an  intermittent  way,  the  urine  being  free  from  it 
during  intervals. 

In  the  first  case,  we  may  conclude,  that  the  well-known  disease 
diabetes  mellitus,  glycosuria,  is  present.  In  such  case,  there  are, 
usually,  other  concomitant  symptoms,  which  serve  to  assist  the 
diagnosis  and  prognosis — a  large  quantity  of  urine  of  high  specific 
gravity,  great  thirst,  wasting,  dry  skin,  &c.  This  is  not  the  place  to 
enter  into  a  general  description  of  the  origin,  the  cause,  the  progress, 
and  the  comphcations  of  diabetes  mellitus ;  and  I  will  only  remark, 
that  the  physician  in  all  such  cases  is  justified  in  making,  if  not 
absolutely  an  unfavourable,  at  least  a  very  doubtful  prognosis. 

According  to  the  observations  of  Warneke,  Seegen,  myself,  and 
others,  cases  occur  in  which  the  urine  temporarily,  for  a  longer  or  a 
shorter  period,  contains  a  largish  quantity  of  sugar,  the  subject  of 
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A  the   affection   presenting   none  of  the  ordinary  symptoms  of  dia- 
betes. 

The  second  case,  in  which  the  urine  contains  only  a  trace  of  sugar, 
may  happen  in  the  course  of  several  diseases,  and  even  in  perfectly 
healthy  persons.  The  presence  of  the  sugar  has  been  differently 
explained  by  physiologists.  It  has  been  attributed  to  an  immo- 
derate use  of  sugar  and  of  amylaceous  substances,  to  disturb- 
ances of  the  functions  of  the  brain  and  nervous  system,  especially 
of  the  medulla  oblongata,  to  diminution  of  the  respiration  and  of 
the  absorption  of  oxygen,  to  excessive  production  of  sugar  by 
the  liver,  to  diminution  of  the  alkalies  in  the  blood.  It  is 
always  advisable  to  keep  these  facts  in  view  when  judging  of 
any  case;  for  the  discovery  of  the  presence  of  any  of  these  con- 
ditions may  guide  our  therapeutical  treatment.  We  must  not,  how- 
ever, hope  to  obtain  a  full  explanation  of  such  a  case,  or  to  treat  it 
satisfactorily,  until  the  causes  above  mentioned,  which  are  in  part 
still  sub  judice,  shall  have  been  more  fully  made  out,  and  their 
influence  on  the  separation  of  the  sugar  with  the  urine  better 
understood. 

Under  this  head  belongs  the  presence  of  sugar  in  small  quantities 
in  the  arterial,  venous,  and  portal  blood ;  in  the  urine  of  women  who 
are  pregnant  or  nursing ;  and  even  of  healthy  men,  for  after  much 
controversy,  it  now  appears  tolerably  certain,  from  the  investigations 
of  Briicke  and  Iwanoff,  that  the  urine  of  healthy  persons  often  con- 
tains small  quantities  of  sugar.  Such  investigations  are,  however, 
generally  speaking,  of  little  practical  interest  to  the  physician,  but 
concern  rather  the  chemist  and  the  physiologist.  It  is,  moreover, 
very  difficult  to  obtain  trustworthy  results  in  this  matter,  for  inves- 
tigations of  this  kind  can  only  be  considered  as  exempt  from  error 
when  the  purest  re-agents,  and  the  most  accurate  methods,  have 
been  employed.  No  one,  again,  can  satisfactorily  experiment  in  this 
direction  who  is  not  complete  master  of  the  extensive  literature  of 
the  subject.  Por  assistance  here  will  serve  the  two  comprehensive 
Treatises  of  Lehmann  in  Schmidfs  JaJirb,,  vol.  Ixxxvii.,  p.  281,  and 
vol.  xcvii.,  p.  3,  and  the  Dissertation  of  Nicol.  Iwanoff*:  Beitrdge zu 
der  Frage  uher  die  Glycosurie  der  Schw  anger  en  ^  Wocherinnen,  und 
Sdugenden,  Dorpat,  1861,  which  contains- the  latest  information  on 
the  subject. 

The  presence  of  inosite  (see  Section  xxiii.),  which  has  been  occa- 
sionally found  in  diabetic  urine,  has  no  practical  signification  for  the 
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physician.     Its  value,  when  present,  as  a  sign  of  disease,  must  be 
decided  by  future  investigations. 


section  xcvi. 
Accidental  Abnormal  Constituents. 

Under  this  head  are  comprised  the  various  abnormal  constituents 
of  the  urine,  which  are  derived  from  food,  drink,  drugs,  &c.,  and 
pass  into  the  urine  either  changed  or  unchanged.  They  render  the 
urine  abnormal ;  but  the  abnormity  is  not  in  all  cases  to  be  con- 
sidered as  a  pathological  indication. 

We  have  already,  on  several  occasions,  spoken  of  these  accidental 
constituents  of  urine,  their  tests,  and  signification.  (See  Section 
xLViii.)  Their  presence  in  the  urine  is  of  especial  interest  to  the 
chemist  and  the  physiologist, — to  the  chemist,  in  bringing  under 
his  notice  various  products  of  the  decomposition  of  complicated 
organic  bodies ;  and  to  the  physiologist,  in  explaining  the  changes 
which  different  substances  undergo  in  passing  through  the  body  in 
man  and  the  lower  animals,  and  in  thereby  throwing  light  on  the 
subject  of  the  intermediate  metamorphoses  of  the  tissues. 

A  knowledge  of  these  constituents  is  also  of  importance  to  the 
physician,  and  in  the  course  of  time  will  doubtless  become  much 
more  so.  Their  presence  in  the  urine  is  an  indication  to  the 
physician  that  the  patient  has  taken  certain  foods,  drinks,  or  drugs. 
Thus,  from  the  smell  of  the  urine  we  can  conclude,  that  asparagus, 
oil  of  turpentine,  saffron,  cubebs,  &c.,  have  been  introduced  into  the 
body.  The  colour  of  the  urine  indicates  the  presence  of  many 
vegetable  substances,  rhubarb,  senna,  certain  pigment-containing 
roots  and  fruits;  and  the  presence  of  other  bodies  which  pass  into 
urine  may  be  shown  by  chemical  analysis. 

Of  still  more  importance  is  it  to  the  physician  to  know  whether 
certain  medicines  are  separated  with  the  urine,  and  if  so,  in  what 
quantity.  The  answer  to  this,  in  many  cases,  would  show  whether 
a  patient  should  continue  the  use  of  them  or  leave  them  off. 

In  many  cases  of  poisoning  also,  the  poison  may  be  found  in  the 
urine;  consequently  its  examination  becomes  of  importance  in 
medical  jurisprudence,  as  well  as  in  diagnosis  and  therapeutics. 
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The  following  bodies  are  those  whose  presence  in  the  urine  is 
especial  interest  to  the  physician : — 

(The  processes  for  ascertaining  their  presence  are  in  many  case 
complicated,  and  are  too  long  for  introduction  here.     The  reader  is 
therefore  referred  to  Section  xlviii.,  and  to  the  Treatise  of  Klet- 
zinsky,  Wiener  Medic.  Jfoch.,  1857  and  1858.) 

Lead  sometimes  passes  into  the  urine  in  cases  of  lead-poisoning, 
and  after  the  therapeutical  use  of  preparations  of  lead.  Its  demon- 
stration in  the  urine  is  difficult,  and  is  not  always  successful.  See 
also  Folwarczny,  Weiner  Zeitschr.,  N.  f.  II.  b.  1859. 

Copper  may  be  generally  found  in  the  urine  in  cases  of  poison- 
ing by  copper  (Kletzinsky). 

In  cases  of  mercurial  poisoning  and  mercurial  treatment  the 
demonstration  of  the  presence  of  the  mercury  may  be  of  interest. 
In  the  last  case  we  may  wish  to  know  whether  the  mercury  still 
exists  in  the  body,  or  has  been  wholly  eliminated.  For  the  processes 
which  serve  for  this,  see  Section  xlviii. 

Salts  of  zinc  pass  readily  into  the  urine,  and  their  presence  there 
is  easily  recognised.  (Kletzinsky.)  Nickel  and  cobalt,  both  of 
which,  and  especially  nickel,  act  as  poisons,  may  be  recognised  in 
the  urine.  Arsenic  and  antimony  also  pass  into  the  urine,  and 
may  be  found  there  by  well-known  processes,  by  means  of  Marsh's 
apparatus. 

The  presence  of  iodine  in  the  urine  is  sometimes  of  interest  to 
the  physician,  as  a  sign  of  the  system  being  under  its  influence. 
The  quantity  of  iodine  in  the  urine  may  be  very  accurately  esti- 
mated.    (See  Section  lxvi.) 

In  the  internal  administration  of  carbonates  of  the  alkalies,  and  of 
organic  alkaline  salts  (acetates,  &c.),  given  as  diuretics,  or  to 
neutralise  an  excess  of  acid  in  the  urine,  it  is  important  that  the 
physician  should  have  some  means  of  determining  how  long  he  may 
safely  continue  the  use  of  such  remedies, — when  he  should  leave 
them  off,  and  when  continue  their  use.  In  such  case  the  chemical 
reaction  of  the  urine  is  the  best  indication.  As  long  as  the  urine 
remains  acid  these  remedies  may  be  employed  without  injury,  the 
system  not  being  saturated  with  them.  If,  however,  the  urine  is 
distinctly  alkaline,  not  from  the  presence  of  carbonate  of  ammonia 
(see  Section  Lxxxvii.),  but  through  an  excess  of  the  fixed  alkalies,  it 
is  best  in  most  cases  to  omit  the  remedy  for  a  time,  and  return  to  its 
use  when  the  urine  again  becomes  acid. 

These  remedies  should  be  taken  when  the  stomach  is  empty,  as 
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daring  the  two  or  four  hours  subsequent  to  a  meal  the  urine  is 
less  acid,  and  sometimes  even  alkaline.     (See  Section  cxviii.) 


SECTION    xcvir. 

lY.    UiuNARY    Sediments. 

I^B  Bj  the  term  sediments  of  the  urine  is  understood  the  solid, 
'^^soluble  matters,  which  at  first  are  usually  found  in  suspension 
in  the  urine,  and  which  after  a  longer  or  shorter  time  sink 
and  form  a  precipitate.  The  precipitate  forms  more  rapidly  and 
completely  the  larger  and  heavier  the  particles  are  which  are 
suspended  in  it;  and  more  slowly  and  imperfectly  the  fewer  and 
lighter  they  are. 

Small  quantities  of  sediments,  which  are  composed  of  very  fine 
molecules,  do  not  readily  subside,  and  are  easily  dispersed  by 
shaking,  are  comprised  under  the  head  of  cloudiness^  turhidity,  when 
their  presence  can  be  recognised  only  by  an  obscurity  and  lessened 
transparency  of  the  urine.  Sediments,  which  are  seen  by  the 
unaided  eye  to  consist  of  small  sandy-like  particles,  are  called 
sand  or  gravel. 

Sediments  often  yield  important  information  to  the  physician, 
enabling  him  at  once  to  recognise  certain  changes  in  the  urine, 
which  otherwise  would  require  tedious  chemical  investigation.  No 
doubt  chemical  tests  are  sometimes  required  to  demonstrate  the 
nature  of  urinary  sediments ;  and  a  microscopical  investigation  even 
still  more  frequently.  The  microscope,  indeed,  is  absolutely  neces- 
sary in  making  an  accurate  diagnosis  of  urine-sediments. 

The  semiotic  indication  of  urine- sediments,  like  that  of  the 
urine,  has  a  double  character  : 

1.  They  indicate  the  existence  of  certain  changes  in  the  general 
nutrition  of  the  body.  They  point  out  that  an  excessive  amount  of 
certain  substances  are  separated  with  the  urine,  and  have  there- 
fore been  produced  in  the  body  :  for  example,  uric  acid,  hippuric 
acid,  oxahc  acid,  &c.  By  their  aid,  we  are  thus  often  able  at  a 
glance  to  obtain  valuable  information  of  a  kind  which  serves 
the  purposes  of  the  physician,  and  which  would  otherwise 
require  tedious  chemical  processes  for  its  demonstration; 
2.  They  point  out  to  us  certain    local  diseases    of    the    urinary 
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system.  Thus  the  presence  of  a  purulent  sediment  indicates  the 
presence  of  pus-formation  at  some  part  of  the  apparatus ;  and  casts 
in  the  urine- sediment  show  a  diseased  condition  of  the  parenchyma 
of  the  kidneys.  The  chemical  composition  of  gravel  points  out  the 
nature  and  constitution  of  vesical  calculi,  &c.,  whose  presence  has 
been  recognised  by  other  symptoms.  ^ 

Some  urine-sediments  form  after,  and  others  before,  the  urine  lui|| 
been  passed.     It  is  from  the  latter  kind  that  urinary  calculi  are 
formed  under  favourable  conditions.     Por  this  reason  it  is  often  of 
importance  to  ascertain  whether  the  sediment  already  exists  in  the 
urine  when  it  is  first  passed,  or  whether  it  forms  in  it  afterwards. 

Trom  these  general  considerations  on  urine-sediments,  we  shall 
now  proceed  to  the  consideration  of  the  separate  kinds  of  them. 


SECTION     XCVIII. 

A.  Crtstalline  Sediments. 
Sediments  op  Uric  Acid  and  of  Urates. 

Sediments  of  this  kind  are  very  frequently  met  with  in  the  urine, 
especially  in  connexion  with  acute  febrile  diseases;  they  occur 
more  frequently  than  all  the  other  kinds  of  sediments  put  together. 

Por  their  tests,  see  Sections  xxxvi.  and  xxxvii. 

The  conditions,  under  which  they  are  formed,  are  usually  of  a 
complex  nature ;  and  it  is  often  very  difficult  in  any  given  case  to 
determine  the  influence  which  different  promoting  causes  have  had 
in  their  production. 

Uric  acid  is  one  of  the  normal  constituents  of  the  urine,  but  it  is 
soluble  in  it  only  in  very  small  quantity.  When,  therefore,  changes 
occur  in  the  urine,  which  act  so  as  to  prevent  the  solution  of  the 
whole  of  the  uric  acid  contained  in  the  urine,  that  portion  of  the 
uric  acid,  which  is  no  longer  soluble,  is  separated  as  a  sediment. 

The  changes  in  the  urine,  which  accompany  the  formation  of  uric 
acid  sediments,  may  be  divided  into  two  groups,  each  of  which 
has  a  distinct  practical  value  : — 

1.  In  the  one  case,  the  quantity  of  uric  acid  which  passes  into 
the  urine  in  a  given  time — say  1  to  24  hours — is  greater  than 
normal : 
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2.  But  if  the  urine  secreted  contains  much  less  water  than  normal, 
or  in  other  words  is  very  scanty,  uric  acid  sediment  may  be  formed, 
although  the  separation  of  uric  acid,  from  hour  to  hour,  be  not 
greater  than  normal. 

The  presence  of  uric  acid  sediment  in  the  urine  is,  therefore, 
no  proof  that  there  is  an  absolute  increase  of  the  quantity  of  uric 
acid  formed  and  secreted,  as  many  physicians  seem  to  think.  We 
are  not  justified  in  coming  to  such  a  conclusion,  unless  we  have 
ascertained  by  means  of  the  process  described  in  Section  lxviii., 
that  the  quantity  of  uric  acid  passed  in  a  given  time — a  certain 
number  of  hours — is  greater  than  normal. 

The  usual  causes  which  give  rise  to  the  formation  of  uric  acid 
are  the  following  : — 

1.  Uric  acid  salts  are  much  more  soluble  in  hot  than  in  cold 
water.  Consequently,  urine  which  is  nearly  saturated  with  these 
salts  at  the  temperature  of  the  human  body,  will  throw  down  a  se- 
diment consisting  of  urates  as  the  urine  cools.  We  frequently  ob- 
serve that  urine  which  is  perfectly  clear  when  passed,  becomes 
cloudy,  through  a  separation  of  its  urates,  as  it  cools. 

It  is  evident  that  uric  acid  sediments  cannot  easily  occur  in  this 
way  within  the  body  during  life,  because  the  urine  in  the  bladder 
cannot  undergo  the  necessary  degree  of  cooling,  except  in  the 
very  rarest  cases.  Urine,  however,  saturated  with  urates  may,  by 
the  action  of  endosmosis,  undergo  further  concentration  within  the 
bladder,  and  a  portion  of  its  salts  be  thus  rendered  insoluble,  and 
form  a  sediment  in  the  bladder ;  but  such  a  case  must  be  very  un- 
common. 

2.  The  neutral  salts  of  uric  acid  are  more  soluble  than  the  acid 
salts,  and  the  acid  salts  than  free  uric  acid.  Consequently,  a  sedi- 
ment is  formed  whenever  the  neutral  salts  in  urine,  which  contains 
a  large  quantity  of  them,  are  from  any  cause  converted  into  acid 
salts,  or  into  free  uric  acid. 

We  see  this  change  occur  out  of  the  body,  when  the  urine  un- 
dergoes acid  fermentation,  see  Section  i.  It  may  also  take  place 
within  the  body,  when  the  acid  fermentation  of  the  urine  occurs  in 
the  bladder,  which,  indeed,  rarely  happens ;  or,  and  as  it  would 
seem,  more  frequently,  when  very  acid  urine  is  secreted  and  mixed 
within  the  bladder  with  urine,  that  is  only  slightly  acid,  or  alkaline  : 
in  such  case  the  acid  urine  abstracts  the  base,  wholly  or  in  part, 
from  the  neutral  urates. 
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It  is  probable  that  the  fermentation  of  the  urine  may  also  occa^ 
sion  deposits  of  urates  in  other  ways  than  by  the  formation  of  sfl 
acid.     The  urine-pigments,  indeed,  appear  to  aid  materially  in  the 
solution  of  uric  acid  in  the    urine.     Consequently,  if  the    urine^ 
pigment  be  partially  altered  and  decomposed  by  the  fermentation, 
portion  of  the  urates  will  be  precipitated. 

So  much  for  the  theory  of  the  formation  of  these  sediments. 
Let  us  now  turn  to  their  practical  indications. 

Uric  acid  sediments  most  frequently  occur  in  the  course  of  acute 
febrile  diseases,  or  during  the  febrile  exacerbations  of  chronic  dis- 
eases. In  such  cases  several  of  the  above-mentioned  predisposing 
causes  are  generally  inaction  at  the  same  time:  namely,  diminu- 
tion of  the  watery  part  of  the  urine,  and  therefore  of  the  quantity  of 
urine,  absolute  increase  of  the  uric  acid,  strongly  acid  urine,  and  a 
large  amount  of  pigmentary  matter  in  it.  The  sediment,  in  such 
cases,  generally  appears  some  little  time  after  the  evacuation  of  the 
urine ;  it  is  occasioned,  in  part,  by  the  cooling  of  the  urine,  and  in 
part  by  its  commencing  fermentation,  and  the  decomposition  of 
the  pigment  matters,  in  which  urine  of  this  kind  is  usually  very 
rich. 

The  appearance  of  such  sediments  varies  much ;  sometimes  they 
are  of  a  brick-red  colour,  sometimes  of  a  rose,  a  cinnamon,  or  seal- 
ing-wax colour.  Under  the  microscope  they  usually  present  a  fine 
granular  form.  They  generally  consist  of  neutral  or  acid  urates, 
usually  combined  with  soda,  and  sometimes,  though  rarely,  with 
ammonia,  or  lime. 

Their  simplest  diagnostic  mark'is  that  the  turbid  urine  which  con- 
tains them  becomes  clear  when  heated,  and  again  turbid  on 
cooling. 

They  indicate  certain  alterations  of  nutrition,  which  occur  during 
most  febrile  states  of  the  body — increased  formation  of  uric  acid 
and  of  urine-pigment,  together  with  diminished  secretion  of  water 
through  the  urine.  They  are  often  considered  as  critical.  And 
there  is  some  reason  in  this  view,  in  so  far  as  that  the  separation  of  a 
superfluous  amount  of  uric  acid  from  the  blood  maybe  considered  as 
a  favourable  sign,  and  its  retention  in  the  blood  capable  of  producing 
evil  effects.  They  have,  however,  very  often  decidedly  no  critical 
signification  in  reference  to  the  disease  which  they  accompany ;  for 
we  frequently  observe  that  the  chief  symptoms  of  the  disease  con- 
tinues undiminished  for  a  long  time  after  their  appearance. 
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Occasionally,  sediments  of  this  kind  occur  in  perfectly  healthy 
persons,  when  the  above-mentioned  conditions  are  present;  they 
occur,  for  example,  after  violent  bodily  exercise,  excessive  eating,  or 
great  sweating,  with  consequent  diminution  of  urine ;  so  also  after  a 
night^s  debauchery  or  a  summer  pedestrian  excursion. 

Such  sediments  are  almost  invariably  formed  out  of  the  body, 
and  consequently  rarely  occasion  the  formation  of  urinary  con- 
cretions. 

No  practical  good  is  derived  from  determining  the  nature  of  the 
base  with  which  the  uric  acid  is  combined  in  such  sediments,  i.  e. 
whether  the  sediment  consists  of  urate  of  soda,  urate  of  ammonia, 
or  urate  of  lime. 

Uric  acid  is  more  rarely  met  with,  as  sediment  in  urine.  As 
such  it  generally  appears  in  the  form  of  largish  crystals  or  as 
crystalline  masses  often  visible  to  the  naked  eye,  sometimes  alone 
and  sometimes  imbedded  in  a  sediment  of  urates.  Uric  acid  sedi- 
ment is  formed  when  the  urine  becomes  acid  through  any  of  the 
above-mentioned  causes ;  and  sediments  of  the  urates  may,  indeed, 
be  artificially  converted  into  a  crystalline  sediment  of  uric  acid  by 
the  addition  of  an  acid. 

It  is  of  importance  in  this  case  to  note,  whether  the  sediment  is 
formed  after  the  evacuation  of  the  urine,  or  previously — i.  e.  witWn 
the  bladder,  or  the  kidneys.  If  the  latter  is  the  case,  there  is 
reason  to  fear,  by  its  long  continuance,  that  uric  acid  calculi  may 
form  either  in  the  kidneys  or  in  the  bladder. 


SECTION   XCIX. 

HippURic  Acid. 


W.  DuCHEK. — ^The  Presence  of  Hippuric  Acid  in  Human  Urine. 
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W.  Hallwachs. — On  the  Origin  of  Hippuric  Acid  in  the  Urine  of 

Herbivorous  Animals.     Annal.  d.  Chemie  et  Pharm.     1858,  vol. 

105,  p.  207. 
E.  Weeden. — Quantitative  determination  of  the  Hippuric  Acid  by 

means  of  Volumetrical  Analysis.     Journ.f.  pract.  Chemie.    1859, 

vol.  77,  p.  446. 
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A.  LiJCKE. — On  the  Presence  of  Hippuric  Acid  in  Human  Urine  and 
its  Tests.      Virchow's  Archiv.     1860,  v.  19,  p.  196. 

We  place  hippuric  acid  under  the  head  of  the  sediments,  because 
it  generally  appears  as  a  sediment  in  those  cases  which  interest  the 
physician ;  and  because  in  this  form  its  presence  is  more  readily 
shown  by  aid  of  the  microscope,  than  chemically  by  evaporation  of 
the  urine,  &c.     (Section  xxxi.) 

Sediments  of  hippuric  acid  are  rarely  met  with.  Under  the 
microscope  they  usually  appear  as  rhombic  prisms,  and  sometimes 
as  needles.  {Plate  I.  Fig.  1.)  They  may  be  confounded  with 
crystals  of  uric  acid  or  of  ammonio-phosphate  of  magnesia.  Prom 
the  latter,  they  may  be  easily  distinguished  by  the  circumstance, 
that  they  do  not  disappear  on  the  addition  of  hydrochloric  acid ;  and 
from  the  former  by  the  fact  that  they  do  not  produce  the  character- 
istic murexide-reaction.  Sometimes  the  sediment  is  formed  of  a 
mixture  of  hippuric  and  uric  acid  crystals.  I  have,  occasionally, 
seen  needle-formed  crystals  of  hippuric  acid  fixed  like  spears 
on  the  larger  crystals  of  uric  acid.  In  cases  of  this  kind  it 
is  best  to  collect  the  sediment  on  a  filter,  and  boil  it  in  alcohol, 
whereby  the  hippuric  acid  is  dissolved,  and  the  uric  acid  left 
undissolved.  By  evaporation  of  the  alcoholic  solution  the  hippuric 
acid  is  obtained  as  crystals  in  an  isolated  state.  Its  nature  may 
then  be  positively  determined  in  the  manner  described  in  Section  vii. 

According  to  the  investigations  of  Hallwachs  and  Wreden,  the 
quantity  of  hippuric  acid  in  human  urine  is  much  greater  than  is 
generally  supposed.  Its  quantity  according  to  "Wreden  exceeds 
even  that  of  the  phosphoric  acid. 

Wreden^ s  volumetrical  process  is  founded  upon  the  fact,  that 
neutral  per-chloride  of  iron  forms  with  a  neutral  solution  of  hippuric 
acid  a  precipitate  which  is  insoluble  in  water,  and  invariable  in  its 
composition.  This  method  however  does  not  appear  to  yield  trust- 
worthy results. 

The  causes  which  determine  the  separation  of  hippuric  acid  as  a 
sediment,  are  the  same  as  those  mentioned  under  the  head  of  Uric 
Acid. 

Indication. — Large  deposits  of  hippuric  acid  occur  in  the  urine 
of  persons  in  perfect  health  wJio  have  indulged  in  large  quantities 
of  fruit,  and  particularly  of  the  fruit  of  the  prune  (Duchek) ;  and 
of  bilberries,  Vaccinium  Vitis  Idcea,  and  mulberries,  Rubus  Chama- 
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morns  (Liicke) ;  also  after  taking  benzoic  acid  and  cinnamic  acid, 
which  are  in  the  body  converted  into  hippuric  acid,  and  as  such 
separated  from  the  urine. 

The  statement  of  Kiihne,  that  after  the  ingestion  of  succinic  acid 
a  large  quantity  of  hippuric  acid  appears  in  the  urine,  has  not  been 
confirmed  by  Hallwachs  and  Liicke. 

When  a  large  amount  of  hippuric  acid  is  found  in  the  urine  of 
the  sick,  it  is  necessary,  first  of  all,  to  inquire  whether  it  depends 
upon  any  such  cause,  as  the  eating  of  fruit  or  the  taking  of  benzoic 
acid.  It  is,  however,  certain,  that  hippuric  acid  may  appear  in  the 
urine  in  large  quantities,  as  the  consequence  of  morbid  states  of  the 
nutritive  functions.  Thus,  hippuric  acid  has  been  found  in  large 
quantities  in  the  urine  in  fever,  being  the  chief  cause  of  its  acid 
reaction  (Lehmann) ;  it  has  also  been  found  in  diabetic  urine,  and 
in  cases  of  St.  Yitus^s  Dance,  &c.  The  observations,  however, 
hitherto  made  concerning  the  presence  of  hippuric  acid  in  the  urine 
of  the  sick,  are  still  very  defective,  and  yield  no  information  of 
value  either  in  the  diagnosis,  prognosis,  or  treatment  of  disease. 

The  opinion,  that  a  tendency  to  the  excessive  formation  of  uric 
acid  may  be  removed  by  the  use  of  benzoic  acid,  in  consequence  of  the 
uric  acid  in  such  case  being  replaced  by  the  hippuric  acid  (Ure,  Keller) 
has  been  shown  to  be  erroneous.  Benzoic  acid,  moreover,  as  a 
remedy  in  uric  acid  diathesis,  is  of  no  practical  value. 


SECTION   c. 

Earthy  Phosphates. — Phosphate  op  Lime  and  Ammonio- 

PHOSPHATE    OF    MaGNESIA. 

Earthy  phosphates  very  frequently  occur  in  urinary  sediments, 
and  chiefly  in  chronic  diseases  and  in  alkaline  urine,  the  reverse  of 
what  happens  in  the  case  of  uric  acid  sediments.  They  are  always 
present  when  the  urine  is  alkaline,  whether  it  has  become  so 
naturally,  or  has  been  made  so  artificially  by  saturation  of  its  free 
acid  with  an  alkali,  or  an  alkaline  carbonate. 

The  mode  of  origin  is  thus  explained : — when  urine  is  rendered 
alkaline,  through  the  formation  of  carbonate  of  ammonia,  re- 
sulting from  decomposition  of  urea  (Section  lxxxvii.),  its  phos- 
phate   of   lime  is    thrown    down,    being    soluble    only    in    acid 
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fluids ;  moreover,  a  triple  phosphate — ^ammonio-phosphate  of  mag- 
nesia, which  is  insoluble  in  alkaline  fluids,  is  separated,  through  the 
action  of  the  ammonia  on  the  phosphate  of  magnesia  of  the  urine. 
Urine,  with  very  rare  exceptions,  contains  both  phosphate  of  lime 
and  phosphate  of  magnesia ;  consequently,  the  alkaline  fermentation 
of  the  urine  produces  a  sediment  consisting  of  a  mixture  of  both 
these  phosphates. 

This  sediment,  according  to  Neubauer^s  numerous  investigations 
{Journal f.  Pract.  Ckemie,  vol.  57,  p.  65)  consists  of  67  parts  of 
phosphate  of  magnesia  and  33  parts  of  phosphate  of  lime  in  100 
parts.     (See  Section  cxxiii.) 

An  account  of  the  microscopic  and  chemical  characters  of  this 
sediment  will  be  found  in  Section  xxxix.  The  triple  phosphate 
has  always  a  distinctly  crystalHne  form ;  its  crystal  being  usually 
well  formed,  somewhat  of  the  shape  of  a  coflin-lid.  {Plate 
II.  Figs.  3,  5,  and  6.)  When  the  urine  is  freshly  passed,  the  crys- 
tals are  less  well  formed,  but  they  still  present  characteristic 
crystalline  groups,  closely  resembling  two  fern  leaves  crossed  at 
acute  angles. 

Phosphate  of  lime,  on  the  other  hand,  usually  presents  an 
amorphous  form  under  the  microscope,  consisting  of  ill-defined, 
highly  translucent  flakes,  or  of  globular  cells.  The  transparency  of 
the  phosphatic  flakes  is  often  so  great,  and  their  contour  so  little 
marked,  that  some  little  practice  is  required  to  recognise  them 
under  the  microscope.  This  is  the  reason  why  such  sediments  so 
frequently  seem  to  be  formed  solely  of  triple  phosphates ;  whilst  in 
reality  they  consist  of  two-thirds  of  triple  phosphates,  and  one- 
third  of  phosphate  of  lime. 

When  the  alkaline  condition  of  the  urine  does  not  depend  upon 
carbonate  of  ammonia,  but  upon  carbonate  of  potash,  soda,  or  some 
other  fixed  alkali,  triple  phosphates  are  not  formed.  In  such 
case,  the  sediment  appears  to  consist  wholly  of  phosphate  of  lime. 

Sometimes,  however,  crystalline  deposits  of  phosphate  of  lime 
without  triple  phosphate  are  formed  even  in  acid  urine.  (Dr. 
Hassall,  "  On  the  frequent  occurrence  of  phosphate  of  lime  in  the 
crystalline  form  in  human  urine,  and  on  its  pathological  importance.^'' 
—Proceedings  of  the  Royal  Society,  X.  38,  1860,  p.  281.) 

Indication. — The  idea  formerly  held  was,  that  sediments  of  the 
earthy  phosphates  were  associated  with  an  excess  of  the  earths  in 
the  urine ;  and  their  presence  was  considered  as  indicative  of  tlic 
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phosphatic  diathesis.  This,  however,  is  a  complete  error,  for  alkaline, 
and  especially  ammoniacal  urine,  invariably  throws  down  a  sediment 
of  earthy  phosphates.  Consequently,  a  sediment  of  this  kind  does 
not  prove  definitively  the  existence  of  an  abnormally  large  amount 
of  earthy  phosphates  in  the  urine.  An  increase  of  the  earthy  phos- 
phates can  only  be  proved  by  a  quantitative  analysis  of  the  urine. 
(Section  lxxi.)  At  most,  we  can  do  no  more  than  give  an 
approximative  idea  of  the  amount  of  phosphates  from  the  quantity 
of  the  sediment,  (see  Section  lxxxiii.)  ;  the  process,  however,  there 
referred  to,  requires  great  practice,  and  is  far  from  trustworthy. 

Independently  of  this  approximative  calculation  of  the  amount 
of  earthy  phosphates,  these  sediments  afford  the  following  practical 
hints  : — 

1 .  They  are  usually  the  first  indications  to  the  physician  of  the 
alkaline  condition  of  the  urine ;  pointing  out  to  him  the  necessity 
for  a  further  investigation  into  the  cause  exciting  this  condition. 
(Section  lxxxvii.) 

2.  In  cases  in  which  sediments  of  earthy  phosphates  are  passed 
with  the  urine,  it  is  evident  that  they  must  have  been  formed  within 
the  urinary  passages :  consequently,  there  is  reason  to  fear  the 
formation  of  phosphatic  calculi,  if  this  condition  continue  for  any 
length  of  time. 


section  ci. 
Oxalate  of  Lime. 

P.  W.  Beneke.-— On  the  Physiology  and  Pathology  of  Phosphate 
and  Oxalate  of  Lime.     Gobtingeriy  1850. 

P.  W.  Beneke — On  the  Origin  of  Oxaluria.      Gottingen,  1852. 

Dr.  James  Begbie.— On  Stomach  and  Nervous  Disorders  as  con- 
nected with  the  Oxalic  Diathesis.     Edin.  Month.  JL  Aug.  1849. 

Oh.  Prick,  of  Baltimore. — Remarks  on  the  Oxalate  of  Lime  Diathesis 
and  its  Treatment.      Gazette  des  Hopitaux,  Sep.  27th,  1849. 

Gallois. — Essay  on  Oxalate  of  Lime  in  the  sediment  of  Urine,  in 
Gravel  and  in  CalcuH.     Gaz.  Medde  Paris,  1859,  N.  35. 

Smoler. — Studies  concerning  Oxaluria.  Prager  Vierteljahrschrift, 
1861. 
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Oxalate  of  lime  is  of  particular  interest  as  a  sediment,  being  in 
this  form  much  more  easily  and  readily  recognised  by  the  aid  of  the 
microscope,  than  by  chemical  analysis.  We  shall  therefore  consider 
here  the  different  phenomena  which  have  been  observed  in  connexion 
with  its  appearance  in  the  urine. 

A  microscope  of  high  power  is  requisite  for  the  demonstration  of 
the  presence  of  oxalate  of  lime  in  the  urine.  The  sediment,  which 
it  forms,  is  always  crystalline,  but  the  crystals  are  very  minute, 
generally  much  smaller  than  blood-  or  pus-corj)Uscles.  The  form 
of  the  perfect  crystal  is  always  that  of  a  rhombic-octohedron. 
{Plate  I.  Fig.  3.)  The  smallest,  even  under  high  powers,  appear 
only  as  angular  points. 

On  account  of  this  minute  size  of  the  crystals,  it  is  almost  im- 
possible to  recognise  an  oxalate  of  lime  sediment  with  the  naked 
eye.  Hence,  whenever  we  suspect  the  presence  of  this  sediment  in 
the  urine,  it  is  advisable  to  filter  the  urine,  remove  the  precipitate 
carefully  from  the  moist  filter,  and  place  a  little  of  it  under  the  micro- 
scope. The  practised  eye  will  then  at  once  recognise  the  oxalate 
of  lime  crystals,  usually  mingled  with  epithelium,  mucus,  and 
fragments  of  the  fibres  of  the  filter,  and  sometimes  with  other 
crystalline  sediments,  such  as  uric  acid,  &c.  If  the  diagnosis  is 
doubtful,  we  must  resort  to  the  other  tests  of  the  presence  of  oxalate 
of  lime,  described  in  Section  xxxviii. 

We  may  in  this  way  discover  the  smallest  traces  of  oxalate  of 
lime  in  the  urine,  which  we  cannot  do,  with  certainty,  by  chemical 
tests. 

Causes  and  indication. — The  causes  of  the  presence  of  oxalate 
of  lime  in  the  urine  are  to  be  sought  in  the  following  facts  : — 

1.  Oxalic  acid  and  oxalate  of  lime  are  constituents  of  several 
kinds  of  edible  vegetables — rhubarb  for  example,  common  sorrel, 
the  well-known  fruit  of  Solanum  lycopersicum  (love-apple),  &c. 
Oxahc  acid  and  its  salts  are  also  sometimes  used  as  therapeutical 
agents ;  and  they  are  contained  in  the  root  of  rhubarb,  gentian,  and 
saponaria,  &c.  Oxalic  acid  in  this  way  finds  entrance  into  the 
body,  from  which  it  is  again  separated  in  the  urine,  either  wholly 
or  in  part  as  oxalate  of  lime. 

2.  Oxalic  acid  is  also  frequently  formed  by  the  decomposition 
of  animal,  vegetable,  or  mineral  bodies.  Thus,  it  is  formed  by  the 
oxidation  of  uric  acid,  by  the  imperfect  oxidation  of  sugar,  starch, 
and  salts  of  the  vegetable  acids :  these  salts  through  deficiency  of 
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oxygen  passing  into  the  form  of  oxalates  instead  of  carbonates.  It 
is  probable,  moreover,  that  oxalates  may  be  formed  from  salts  of 
the  carbonates  and  bicarbonates — the  salts  being  deprived  of  a 
portion  of  their  oxygen,  and  thus  reduced  to  the  condition  of 
oxalates.  In  this  way  we  can  explain,  in  some  degree,  why  oxalic 
acid  is  sometimes  formed  in  the  human  body  under  favourable  cir- 
cumstances :  thus,  for  instance,  after  the  taking  of  carbonated 
drinks,  of  champagne  and  seltzer-water;  when  the  respiration  is 
impeded ;  or  when  an  excessive  quantity  of  sugar  has  been  taken, 
&c.  The  special  conditions,  however,  under  which  the  formation 
takes  place  have  not  yet  been  discovered. 

The  question  has  often  been  asked  :  How  comes  it,  that  oxalate 
of  lime  which  is  nearly  insoluble  in  aqueous  fluids^  passes  through 
the  walls  of  the  renal  capillaries  into  the  urine  ?  This  question  has 
not  yet  been  satisfactorily  answered.  We  may  suppose,  if  we 
please,  with  C.  Schmidt,  that  oxalate  of  lime  forms  a  soluble  com- 
pound with  albumen,  and  passes  in  solution  from  the  blood  into 
the  urine;  the  compound  being  then  decomposed  in  the  urinary 
passages,  and  oxalate  of  lime  thus  separated  as  a  sediment.  Or,  again, 
we  may  suppose,  that  oxalic  acid  is  first  formed  in  the  urinary  passages, 
and  in  the  manner  already  described,  by  decomposition  of  other 
substances ;  and  Avhen  thus  formed,  unites  with  the  lime,  which  is 
always  present  in  urine.  In  this  way,  the  oxalate  of  lime  is  formed 
within  the  urinary  passages,  or,  under  certain  circumstances,  even 
after  the  evacuation  of  the  urine.  Kletzinsky^  has  pointed  out  a 
third  possible  mode  of  its  formation.  Oxalic  acid  and  lime,  when 
brought  into  contact  in  a  very  dilute  solution,  do  not  immediately 
form  an  insoluble  oxalate  of  lime ;  a  certain  time  is  required  for 
their  combination.  Kletzinsky  made  the  following  observations  on 
the  subject.  He  added  oxalate  of  ammonia  to  urine  rendered 
strongly  acid  with  acetic  acid.  The  urine  was  then  gradually  passed 
through  a  four-fold  filter,  in  fact,  through  four  filters ;  and  he  found 
that  a  fine  crystalline  cloudiness  of  oxalate  of  lime  was  always 
formed  after  a  short  time  in  the  clear  filtrate,  which  had  passed 
through  the  last  of  the  filters.  Moreover,  he  introduced  the  fluid 
above-mentioned  into  an  endosmometer  closed  with  an  ox-bladder, 
which  was  then  dipped  in  pure  luke-warm  water.  In  this  case,  he 
also  found  in  the  course  of  two  hours  crystals  of  oxalate  of  lime 
in  the  water  outside  the  bladder.     The  salt  of  lime,  together  with 

*  Heller'is  Archiv,  1852,  p.  207. 
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the  oxalate  of  ammonia,  was  here  manifestly  diffused  through  the 
animal  membrane,  the  union  of  the  oxalic  acid  with  the  lime  having 
taken  place  outside  the  bladder. 

It  is  probable  that  oxalate  of  lime  is  formed  in  each  of  the  three 
ways  here  described.  It  would  be  taking  a  partial  view  of  the 
matter  to  suppose  that  its  formation  took  place  in  one  uniform 
manner  only. 

What  indication,  as  regards  diagnosis^  prognosis,  and  treatment, 
does  the  presence  of  oxalate  of  lime  in  the  urine  afford  ? 

In  answering  this  question  we  must  consider  the  subject  under 
two  heads : — 

1.  If  the  patient's  urine  invariably  and  for  a  long  time — for 
weeks  or  months  together — contains  large  quantities  of  oxalate  of 
lime,  his  is  a  case  of  oxaluria — of  the  oxalic  acid  diathesis.  This 
condition  is  one  which  always  demands  our  serious  attention,  and 
for  two  particular  reasons  : 

a.  Because  there  are  grounds  for  fearing  the  formation  of  oxalate 
of  lime  calculi — mulberry  calculi — in  the  kidneys  or  the  bladder  ; 

h.  And  on  account  of  the  injurious  effects  which  the  oxalic  acid 
has  on  the  system  generally.  Oxalic  acid,  when  taken  internally  in 
large  quantities,  acts  like  a  poison,  not  only  locally  on  the  parts  of 
the  intestinal  canal  with  which  it  comes  in  contact,  but,  generally, 
on  the  heart  and  nervous  system.  Hence  we  may  conclude, 
theoretically,  that  a  large  formation  of  oxalic  acid  in  the  body  would 
be  productive  of  serious  consequences.  Many  physicians,  particu- 
larly in  England  and  America  (Prout,  Begbie,  Prick,  and  others), 
have  observed  and  described  such  cases  of  oxaluria. 

As  little  attention  has  hitherto  been  paid  to  the  subject  of 
oxaluria  in  Germany,  I  think  it  desirable  to  give  here  an  outline  of 
the  very  lucid  description  of  this  disease,  as  described  by  Dr. 
Begbie.     He  says : 

There  is  a  numerous  class  of  patients,  consisting  of  persons,  for 
the  most  part,  in  the  prime  of  life,  and  especially  of  the  male  sex ; 
generally  speaking,  they  are  of  the  sanguineous  or  melancholic  tem- 
perament, not  accustomed  to  vigorous  exertion,  belonging  mostly 
to  the  upper  classes  of  society,  and  addicted  to  indulgence  in  the 
luxuries  of  life  and  good  living.  They  suffer  from  indigestion  in  its 
mildest  and  severest  forms.  Frequently,  they  do  not  suffer  from  any 
manifest  disorder,  but  complain  merely  of  some  slight  inconvenience, 
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resulting  from  imperfect  digestion  and  defective  assimilation — a 
feeling  of  weight  and  pressure  at  the  pit  of  the  stomach,  together 
with  flatulence  and  palpitations  a  few  hours  after  eating.  More 
serious  symptoms,  however,  sometimes  appear ;  these  are  not  con- 
fined solely  to  the  digestive  apparatus,  but  appear  also  as  affections 
of  the  nervous  system,  threatening  even  the  mind.  Patients,  thus 
affected,  are  usually  capricious,  sensitive,  and  irritable,  or  dull,  melan- 
cholic and  despairing.  They  are  continually  plagued  with  a  dread  of  some 
serious  disease  impending  over  them,  such  as  consumption  or  disease 
of  the  heart.  In  milder  forms  of  the  affection,  the  patient  exhibits 
the  anxiety  and  general  appearance  of  disturbed  health — a  loaded 
tongue,  dry  skin,  and  irritable  pulse ;  but  in  inveterate  cases,  a 
dingy  countenance,  general  wasting,  falling  off  of  the  hair,  a  tendency 
to  furuncles,  carbuncles,  psoriasis,  and  other  skin  diseases;  dull 
deep-seated  pains  in  the  back  and  loins ;  intestinal  and  vesical 
hsemorrhage ;  incontinence  of  urine,  and  impotency.  The  affection 
may  be  slow  of  progress,  and  vary  much  in  its  consequences.  Under 
the  influence  of  proper  diet,  appropriate  treatment,  and  country  air, 
the  disorder  may  be  arrested,  and  even  entirely  removed.  If,  how- 
ever, it  be  neglected,  or  badly  treated,  the  affection  wiU  expose  its 
victim  to  the  dangers  and  sufferings  attendant  upon  calculus 
in  the  kidney  or  the  bladder,  or  even  to  the  still  more  serious 
consequences,  of  malignant  organic  disease. 

The  cause  of  this  affection  is  to  be  sought  in  the  accumulation  of 
oxalic  acid  in  the  blood.  The  poison  is  separated  from  the  blood 
by  the  kidneys ;  and  its  separation  in  the  form  of  oxalate  of  lime 
enables  us  to  recognise  the  existence  of  the  disease,  and  so  by  a 
simple  and  efficacious  treatment  to  bring  about  its  cure. 

The  following  is  the  treatment  laid  down  by  Dr.  Begbie  for  its 
cure  :  long  persistence  in  a  proper  diet  of  flesh,  milk,  and  mealy  Vege- 
tables,— all  saccharine  matters  being  excluded ;  warm  clothing,  and 
luke-warm  baths ;  as  medicine,  nitrate  of  potash,  hydrochloric  acid 
in  doses  of  20  drops  2  or  3  times  a  day,  or  in  the  following 
formula :  R.  Acid  muriat.  dil.,  Acidi  nitrici  dil.,  Syrupi  aurantii, 
aa  3ss,  Aquse  giss,  of  which  one  teaspoonful  is  to  be  taken  in 
a  wineglassful  of  water  before  meals. 

Beneke  describes  the  injurious  influence  of  the  oxalic  acid  on  the 
body  even  more  forcibly.     He  beHeves,  that  the  phosphate  of  lim 
is  thereby  dissolved  and  removed  from  the  body ;  and  that  in  con- 
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sequence  of  this  deficiency  of  phosphate  of  lime  the  activity  of  the 
organic  processes  going  on  in  the  body,  the  cell- development,  is 
diminished. 

No  distinct  proof,  however,  has  yet  been  given,  that  the  sym- 
ptoms, described  above  as  belonging  to  the  oxalic  acid  diathesis,  do 
really  depend  upon  the  accumulation  of  oxalic  acid  in  the  blood ; 
hence  many  observers,  and  amongst  them  Lehmann,"^  consider  that 
the  idea  of  an  oxalic  acid  diathesis  is  incorrect.  If,  however,  we 
recollect  that  oxalic  acid  undoubtedly  possesses  a  poisonous  influence 
on  the  body  when  given  in  large  doses,  and  that  every  physician 
who  has  had  much  practice,  has  met  with  cases  of  the  kind 
described  by  Dr.  Begbie  (I  have  met  with  several  such  myself), 
we  must  admit,  that  cases  in  which  large  quantities  of  oxalate  of 
lime  are  passed  for  a  length  of  time  with  the  urine,  should  not  be 
neglected  by  the  physician.  The  causes  of  the  discharge  of  oxalic 
acid  should  be  carefully  investigated — disturbances  of  the  respiration 
with  diminished  absorption  of  oxygen,  immoderate  indulgence  in 
sugar,  disturbances  of  any  of  the  secondary  assimilative  functions — 
and  the  treatment  above-mentioned  carried  out. 

2.  All  the  cases,  however^  in  which  oxalate  of  lime  is  observed 
in  the  urine,  cannot  be  classed  under  the  category  just  described. 
Where  only  mere  traces  of  this  salt  are  found  in  the  urine,  or  when 
large  quantities  of  it  are  present,  but  yet  only  temporarily,  as  often 
happens  in  the  course  of  certain  acute  and  chronic  disorders,  we 
need  not  anticipate  the  dangerous  consequences  above  referred  to. 
The  business  of  the  physician  is,  in  such  cases,  to  investigate  the 
cause  of  its  occurrence — whether  it  proceeds  from  food  or  medicine 
containing  oxaHc  acid ;  or  whether  its  presence  can  be  referred  to 
any  alterations  of  the  nutritive  functions  of  any  part  of  the  body. 
Prognosis  in  such  cases  is  not  very  serious.  But  it  is  advisable, 
when  we  have  discovered  the  cause  of  the  abnormal  condition,  to 
encounter  it  at  once  by  proper  treatment. 


section   cii. 
Cystine. 
A.  Pabee. — On  Cystine,  &c.,  Paris,  1859. 

Cystine  is  very  rarely  met  with  in  the  urine,   and  its  practical 
*  Lehrbuch  d.  physiolog.  Cheraie.    2  Ed.  v.  1.  p.  51. 
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signification  is  therefore  comparatively  of  little  importance.  All  we 
at  present  know  on  the  subject  is^  that  cystine  is  occasionally  the 
cause  of  the  formation  of  urinary  calculi;  in  which  case  it 
always  appears  in  the  form  of  urinary  sediment.  Occasionally, 
however,  cystine  exists  in  solution  in  the  urine. 

Whether  or  not  the  formation  of  this  substance  is  in  any  way 
injurious  to  the  body  through  alterations  produced  by  it  in  the 
intermediate  stages  of  nutrition  is  uncertain.  We  know,  however, 
that  cystine  may  be  constantly  present  in  the  urine  for  years 
without  disturbing  the  health,  although  no  cystine-calculus  is 
formed. 

Por  the  means  of  recognising  the  presence  of  this  substance 
in  the  urine  by  chemical  and  microscopic  agencies,  see  Sect.  xl. 

We  know  nothing  whatever  of  the  causes  which  occasion  its 
formation  in  the  body.  The  large  amount  of  sulphur  which  it 
contains — more  than  26  per  cent. — indicates  its  relation  to  taurine ; 
hence,  we  may  surmise,  that  the  liver  plays  a  part  in  its  formation. 
Scherer  has,  in  fact,  found  cystine  in  the  liver,  a  proof  that  this 
substance,  just  like  urea,  uric  acid,  &c.,  is  not  formed  in  the  kidneys, 
but  elsewhere  in  the  body,  being  taken  up  into  the  blood,  and 
separated  from  it  by  the  kidneys.  Future  investigations,  we  must 
hope,  will  explain  to  us  the  significance  to  be  attached  to  the 
presence  of  cystine  in  the  urine,  and  the  more  intimate  conditions  of 
its  formation. 

It  is  an  interesting  circumstance,  that  in  the  few  cases  in  which 
cystine  has  been  found  in  urinary  calculi  or  sediments,  it  has  been 
present  in  a  large  proportion  of  the  cases  in  several  members  of  the 
same  family. 


SECTION  cm. 


Xanthine — Hypoxanthine — Guanine — Guanoxanthine — 
Tyrosine. 

Strecker,  Annal.  d.  Cliem.  u.  PJiar.,  vol.  cii.  p.  108. 
Stadeler,  Annal.  d.  Chem.  u.  PJiarm.,  vol.  cxi.  p.  28. 
Scherer,  Annal.  d.  Chem.  u.  Pharm.,  vol.  cxii.  p.  257. 

Xanthine  has  hitherto  been  very  rarely  found  in  human  calculi  ; 
but  it  is  occasionally  met  with  as  an  urinary  sediment.  Por  its  pro- 
perties and  tests,  see  Section  v. 
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Hypoxanthine,  guanine,  and  guanoxanthine  are  bodies  closely 
allied  to  xanthine.  They  are  present  in  small  quantities  in  different 
organs  of  the  body,  in  the  spleen,  the  liver,  and  the  pancreas,  and 
probably  sometimes  also  in  the  urine  (Strecker).  They  must  un- 
doubtedly be  regarded  as  products  of  the  metamorphic  processes. 
We  know,  however,  so  little  of  their  origin  and  signification  that  we 
can  do  no  more  than  refer  to  them  here. 

Tyrosine  (compare  Sections  xxxiv.  and  xli.)  is  a  substance  which 
results  from  the  decomposition  ofproteine-matters.  It  has  been  found 
in  different  organs  of  the  human  body,  generally  associated  with  leu- 
cine ;  and  in  some  rare  cases  as  a  urinary  sediment.  Its  presence  in 
any  considerable  quantity  in  the  urine  indicates  the  fact  of  alterations 
in  the  metamorphic  processes,  excessive  decomposition  of  proteine- 
compounds,  and  is  therefore  of  interest  to  the  physician. 


SECTION    CIV. 

B.     Oeganic  Sediments — Mucus  and  Epithelium. 

Mucus  and  epithelium  usually  appear  together  in  the  urine  as 
urinary  sediments,  and  will  therefore  be  here  considered  together. 
They  are  of  much  practical  importance. 

Urine,  even  in  health,  always  contains  a  small  quantity  of  mucus, 
which  is  derived  from  the  mucous  membrane  of  the  urinary  passages, 
particularly  of  the  bladder  and  urethra.  In  women,  mucus  and  epi- 
thelium of  the  vagina  are  not  unfrequently  mixed  with  the  urine. 
The  presence,  therefore,  of  a  small  quantity  of  mucus  in  the  urine 
has  no  pathological  signification.  The  mucus  usually  appears  in  the 
form  of  a  slight  cloudiness,  which  gradually  sinks  in  the  fluid  ;  it 
may  be  readily  seen  in  urine  collected  in  a  glass. 

The  cloudiness  increases  with  the  abnormal  increase  of  the  mucus, 
and  a  slimy  sediment  is  formed  if  the  urine  is  left  for  some  time  at 
rest.  With  a  little  practice  the  observer  may  at  once  with  the  eye 
ascertain  pretty  accurately  the  amount  of  mucus  present  in  the 
urine ;  in  this  way,  indeed,  he  may,  as  a  rule,  obtain  more  accurate 
results  than  he  can  from  complicated  chemical  processes,  which, 
indeed,  are  not  easily  applied  by  the  physician. 

The  tests  for  mucus  will  be  found  in  Section  xlii.  Pure  mucus 
forms  a  perfectly  translucent  mass,  and  is  therefore  scarcely  to  be 
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recognised  with  the  microscope ;  the  epithelial  cells,  however,  which 
are  found  mingled  with  it  are  readily  known  by  their  characteristic 
appearances.  The  mucus,  when  precipitated  with  alcohol  or  acids,  is 
readily  recognised  as  an  indistinctly  fibrillated  mass.  It  is  ren- 
dered more  distinct  by  the  addition  of  dilute  tincture  of  iodine, 
which  both  precipitates  and  colours  it. 

By  filtering  the  urine  we  obtain  the  mucus  in  the  form  of  a  tena- 
cious mass,  which  has,  when  dried,  a  shining  vamish-like  appearance. 

The  microscope  shows  us  that  this  mucous  sediment  of  the  urine 
frequently  contains,  in  addition  to  the  epithelium,  several  other 
foreign  matters — spermatozoa,  crystals  of  oxalate  of  lime,  urates,  and 
ammonio-phosphate  of  magnesia.  Consequently,  in  all  cases  in 
which  an  accurate  diagnosis  is  required,  the  mucus  must  be  care- 
fully examined  with  the  microscope.  The  term  mucus,  chemically 
considered,  is  somewhat  indefinite,  as  under  this  head  are  probably 
classed  several  modifications  of  proteine-matters,  of  fibrine,  albumen, 
and  caseine,  &c. — which  have  not  yet  been  carefully  examined. 

An  increased  amount  of  mucus  in  the  urine  has  a  double  signifi- 
cation : 

1.  It  points  out,  in  the  first  place,  the  fact  of  an  increase  of  the 
secretion  of  mucus  from  the  urinary  passages,  a  blennorrhcea  of  the 
bladder  or  the  ureters.  In  women,  as  already  indicated,  we  must 
satisfy  ourselves  that  the  mucus  does  not  proceed  from  the  vagina ; 

2.  An  increase  of  mucus  in  the  urine  encourages  the  acid  and  the 
alkaline  fermentations  of  the  urine  so  often  spoken  of.  The  alkaline 
— the  conversion  of  the  urea  into  carbonate  of  ammonia — is  espe- 
cially promoted  by  the  presence  of  a  large  amount  of  mucus  in  the 
urine. 

Further,  we  may  observe,  that  pus- corpuscles  in  ammoniacal  urine 
may  be  converted  into  a  kind  of  jelly,  which  very  closely  resembles 
mucus.  The  physician  frequently  mistakes  the  slimy  gelatinous 
mass  thus  formed  for  a  mucous  sediment.     (See  Section  cv.). 


SECTION  cv. 

Pus. 

Test. — The  microscope  is  always  required  for  the  diagnosis  of  pus 
in  the  urine.  The  pus-globules  are  known  by  their  form  and  size, 
as  well  as  by  the  characteristic  nuclei  which  they  present  when  treated 
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with  acetic  acid.     (Section  xliv.)  .     The  only  exception  to  this  is  in^ 
the  case  of  the  abnormal  pus-corpuscles,  described  further  on.     It  iflfll 
impossible  to  draw  any  distinction  between  pus-corpuscles  and  the  so- 
called  mucus-corpuscles,  both  kinds  of  corpuscles  being  perfectly 
identical. 

A  large  quantity  of  pus  in  the  urine  always  produces  a  sediment. 
If  only  a  small  quantity  be  present  the  sediment  takes  a  long  time  to 
form.  To  show  the  presence  of  the  pus,  the  urine  must  be  left  at 
rest  for  some  hours  in  a  deep  glass,  and  the  lowest  part  of  the  fluid 
then  examined  microscopically ;  or  the  urine  must  be  filtered,  and 
the  deposit  left  on  the  filter  examined  with  the  microscope. 

Cases,  however,  are  met  with  in  which  the  presence  of  pus  may 
be  inferred,  but  cannot  be  demonstrated.  This  happens  when  the 
urine  containing  the  pus  is  strongly  ammoniacal.  The  carbonate  of 
ammonia  entirely  destroys  the  form,  &c.,  of  the  pus-corpuscles,  and 
converts  them  into  a  gelatinous  slimy  mass.  This  mass  is  generally 
taken  for  mucus,  and  regarded  as  the  result  of  a  blennorrhoea,  whilst 
it  is  in  fact  the  result  of  a  pyorrhoea. 

Urine  which  contains  pus  is  always  somewhat  albuminous — pus 
consisting  of  corpuscles  which  float  in  an  albuminous  serum.  The 
presence  of  the  albumen  may  be  shown  by  the  usual  tests,  the  neces- 
sary precautions  being  adopted  when  the  urine  is  alkaline.    (Section 

LXXXVIII.) 

Indication. — The  presence  of  pus  in  the  urine  indicates  the  exist- 
ence of  pus-formation  in  some  part  of  the  urinary  organs,  or  of  an 
abscess  communicating  with  them.  In  women,  the  pus  in  the  urine 
may  be  derived  from  the  genital  organs,  the  vagina  or  the  uterus. 

The  pus  may  be  secreted  from  different  parts  of  the  urinary  organs 
— from  the  urethra  in  gonorrhoea,  from  the  bladder,  the  ureters,  the 
pelvis  of  the  kidney,  and  even  from  the  parenchyma  of  the  kidney, 
in  abscess  of  the  kidney;  or  it  may  proceed  from  several  of 
these  parts  at  the  same  time.  The  determination  of  the  source  of 
the  pus  is  not  always  easy ;  the  following  facts  may,  however,  assist 
the  observer  in  his  diagnosis  : — 

In  blennorrhoea  a  purulent  fluid  may  be  squeezed  from  the  urethra, 
at  intervals,  between  the  times  of  passing  the  urine. 

If  the  pus  is  secreted  from  the  bladder,  symptoms  of  acute  or 
chronic  disease  of  the  bladder  are  always  present. 

Colicky  pains  along  the  course  of  the  ureters  usually  accompany 
the  secretion  of  pus  from  one  or  both  of  the  ureters. 
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Pus  from  the  parenchyma  of  the  kidney  is  sometimes  accompanied 
with  scarcely  any  local  symptoms_,  and  consequently  may  be  only 
discovered  accidentally  by  the  long-continued  presence  of  pns  in  the 
urine. 

Example. — A  man,  36  years  of  age,  was  admitted  into  the 
Clinique  at  Giessen  on  account  of  a  rheumatic-gastric  fever.  He 
recovered  rapidly,  and  was  on  the  point  of  leaving  the  hospital,  when 
there  suddenly  appeared  in  his  urine  a  tolerably  abundant  sediment, 
consisting  of  pus -corpuscles.  The  sediment  remained  for  some 
weeks,  the  patient  not  experiencing  the  smallest  difficulty  in  passing 
his  water,  nor  in  fact  any  symptom  indicative  of  disease  of  the  urinary 
organs.  Subsequently  pain  was  felt  in  the  neighbourhood  of  the 
kidneys,  accompanied  with  frequent  shiverings.  Typhus  fever  was 
epidemic  at  the  time,  and  unexpectedly  carried  off  the  patient.  On 
examination  of  the  body,  one  of  the  kidneys  was  found  almost  in  a 
complete  state  of  suppuration.  There  was  no  other  disease  of  the 
urinary  organs. 

In  cases  of  this  kind  it  is  of  importance  that  we  should  be  able  to 
decide  whether  the  pus  is  the  product  simply  of  suppuration  of  the 
mucous  membrane,  catarrhal  inflammation,  or  whether  it  is  the  result 
of  more  profound  and  extensive  alterations  of  parts.  The  following 
facts  will  assist  in  deciding  these  points  : — 

The  duration  of  the  suppuration.  The  temporary  presence  of 
pus  in  the  urine,  for  a  few  days  only,  always  indicates  that  the  sup- 
ration  is  of  a  superficial  kind. 

The  condition  of  the  pus,  as  observed  by  the  microscope.  Per- 
fectly normal  corpuscles ;  round  corpuscles,  presenting  their  charac- 
teristic double  and  triple  nuclei  when  treated  with  acetic  acid, 
indicate  laudable  pus,  and  its  origin  from  a  simple  catarrh  of  the 
mucous  membrane.  On  the  other  hand,  abnormal  pus-corpuscles, 
of  irregular  forms  and  contours,  producing  irregular  nucleated  forms 
when  treated  with  acetic  acid ;  or  an  ill-defined  granular  mass,  con- 
sisting of  irregularly-shaped  pus-corpuscles,  and  partially  destroyed 
cells,  indicate  the  probable  existence  of  deep-seated  suppuration, 
ulceration,  or  tubercular  disease. 

Yarious  matters  were  formerly  included  under  the  head  of  pus ; 
they  were  confounded  with  the  pus,  because  without  the  aid  of  the 
microscope  the  eye  could  not  with  certainty  distinguish  them  from  pus. 
Of  this  class  were  cancerous  and  tubercular  matter,  and  urinary  casts. 
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section  cvi. 
Canceeous  and  Tubeeculae  Matters  in  the  Urine 


n 


Cancerous  and  tubercular  matters  are  sometimes  met  with,  as  sedi- 
ments, in  the  urine.  Their  presence  enables  the  physician  to  draw 
the  important  conclusion,  that  softening  of  a  cancerous  or  tubercular 
deposit  has  taken  place  at  some  part  of  the  urinary  organs. 

Cancer  in  the  urine  is  usually  found  to  be  the  product  of  cancer 
in  the  bladder,  and  more  rarely  of  cancer  of  the  kidneys.  It  is 
generally  of  the  soft  kind,  encephaloid,  and  appears  in  the  urine  in  the 
form  of  small  masses — aggregates  of  cells,  primitive  and  secondary 
— cells  with  thick  walls,  spindle-shaped,  and  caudate.  In  such  case 
the  urine,  as  a  rule,  also  contains  blood  and  blood-coagula. 

Undoubted  symptoms  of  disease  of  the  bladder  are  always  asso- 
ciated with  cancer  of  the  bladder:  difficulty  of  micturition,  and 
other  symptoms  also,  indicative  of  disease  of  the  rectum,  or  of  the 
vagina  in  woman.     In  such  cases  the  diagnosis  is  not  difficult. 

Cancer  of  the  bladder  is  generally  of  the  so-called  villous  kind, 
that  is,  it  consists  of  compound-branched  villi,  which  are  sometimes 
hollow,  and  formed  of  a  fibrous  stroma  containing  a  deposit  of 
different  shaped  epithelia ;  sometimes  it  consists  of  an  amorphous 
basis  with  cells  imbedded  in  it.  Hence  the  portions  of  the  cancer 
which  are  softened  and  separated  from  the  bladder,  and  appear  in  the 
urine,  offer  many  varieties  of  form.  They  are  all  of  them,  however, 
very  characteristic,  and  indicate  with  certainty  the  nature  of  the 
affection. 

Fiffs.  5  §-  6  in  Plate  III.  represent  some  of  the  most  characteristic 
forms  of  cancer  as  they  appear  in  urinary  sediments.  They  are 
taken  in  part  from  the  valuable  work  of  Dr.  Lambl,  "  Oti  Cancer  of 
the  Bladder  J  an  Aid  to  Clinical  Microscopical  Diagnosis**  (Prager 
Vierteljahrsschr.,  1856,  vol.  Ixix.  p.  1);  and  partly  from  my  own 
observation. 

Fig.  5.  A  represents  a  large  fragment  of  villous  cancer  of  the 
bladder,  branched,  and,  as  it  appears  under  a  low  magnifying  power 
of  20  to  50  diameters. 

B  represents  the  terminating  portions  of  a  villous  cancer  more 
highly  magnified — 200  diameters.  The  inner  part  consists  of  an 
amorphous-fibrous  structure  containing  numerous  oval  nuclei,  and 
the  outer  part  is  covered  with  a  compound  layer  of  epithehal  cells. 
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c  represents  isolated  cells  from  the  epithelial  layer  of  a  cancer 
of  this  kind.  Thej  are  mostly  irregular  in  form^  partly  caudate, 
and  partly  branched,  rather  large,  and  contain  a  large  nucleus. 

D  represents  a  villous  cancer  of  a  somewhat  different  structure. 
Tolerably  large  nuclei  are  here  seen  enclosed  in  an  amorphous 
mass,  forming  wart-like  excrescences.  The  epithelial  layer  is 
absent. 

Fig.  6.  A  is  a  fragment  of  a  villous  cancer,  having  the  form  of 
a  fibrous  (?  hollow)  cylinder,  which  is  covered  with  epitheliun 
(presenting  a  striped  appearance  in  places)  consisting  of  small 
nucleated  cells. 

B  represents  a  mass  of  large  cancer-cells  with  large  cell- cavities, 
thick  walls,  and  nuclei,  the  nucleus  being  in  some  instances  enclosed 
in  the  cell  wall.  (b.  c.)  The  cells  are  some  of  them  isolated  (b.  h. 
and  b.  c.)y  and  some  of  them  united  together  in  large  groups  by 
means  of  an  amorphous  substance  (b.  ^.). 

c  represents  the  fragment  of  an  amorphous,  fibrous,  cancer 
structure,  having  spindle-shaped  nuclei  and  elastic  fibres,  on  which 
are  found  resting  larger  cells — the  remains  of  the  epithelial  cover- 
ing— partly  perfect  [a  a.)  and  partly  destroyed  {d.). 

D  represents  solitary  cells,  probably  derived  from  the  epithelial 
covering  of  a  villous  cancer  of  the  bladder :  a  a,  are  small  round 
cells  (or  cell-nuclei  ?)  with  nucleoli.  These  cells  have  a  distinctly 
red  colour,  and  at  the  first  glance  resemble  blood-corpuscles ;  when 
collected  together  in  large  quantities  they  form  a  sediment  like  that 
of  a  blood  sediment  of  the  urine,  but  they  are  not  affected  by  acetic 
acid.  5  h  are  large,  irregular,  and  partly  caudate  cells,  having 
reddish  nucleated  nuclei;  they  were  found  scattered  amongst  the 
small  cells  (?  nuclei)      (See  Section  cxxv..  Case  13). 

Cancer  of  the  kidney  is  much  m,ore  difficult  of  diagnosis.  Some- 
times, when  cancer-cells  are  found  in  the  urine,  the  existence  of  the 
disease  may  be  diagnosed  by  negative  signs,  indicating  the  absence 
of  any  affection  of  the  bladder ;  and  sometimes  also  by  percussion, 
which  points  out  enlargment  of  one  or  both  kidneys. 

Eiselt  [Trager  VieHeJjahr.,  vol.  lix.  p.  190)  and  Bolze  [Prag. 
Viert.,  vol.  Ixvi.  p.  140)  have  observed  that  the  urine  is  pecuHarly 
affected,  in  cases  of  pigmentary  cancer  (melanosis)  when  present  in 
different  parts  of  the  body,  and  particularly  in  the  liver,  and,  in  cases 
too  in  which  the  urinary  organs  are  unaffected.  Although  the  urine 
was  of  normal  colour  when  passed,  it  became,  in  the  course  of  a  few 
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hours,  under  the  influence  of  air  and  Hght,  of  a  dark  brown  porter- 
colour.  On  the  addition  of  concentrated  nitric  acid,  chromic  acid  and 
other  oxidising  substances  it  immediately  assumed  the  dark  colour. 
This  condition  of  the  urine  was  not  observed  in  patients  suffering 
from  melanoemia  alone,  in  the  absence  of  melanotic  cancer.  Eiselt 
and  Bolze  consider  that  this  peculiar  condition  of  the  urine  will 
serve  for  the  diagnosis  of  pigmentary  cancer  concealed  within  the 
body. 

Tubercle  in  the  urine,  to  the  unaided  eye,  resembles  pus ;  but 
may  be  distinguished  from  it  by  the  microscope.  It  consists  of 
irregular  pus-corpuscles  mixed  with  an  ill- defined  detritus,  fragments 
of  cells,  imperfect  nuclei,  an  indistinct  and  finely-granular  mass 
with  which  crystals  of  cholesterine  are  sometimes  mingled.  The 
mucous  membrane,  or  sub-mucous  tissue,  is  the  seat  of  the  tubercular 
deposit,  whence  the  urinary  sediment  of  softened  tubercle  pro- 
ceeds. The  deposit  may  take  place  in  the  bladder,  the  ureters,  or 
the  pelves  of  the  kidneys.  In  affections  of  this  kind,  which  have 
lasted  for  a  long  time,  the  tubercular  deposit  generally  spreads  over 
the  greater  part  of  the  mucous  membrane  of  the  urinary  system, 
from  the  kidneys  even  into  the  bladder. 

The  following  cases  may  serve  to  assist  the  observer  in  the 
diagnosis  of  tubercular  deposit  in  the  urinary  organs. 

1 .  A  young  man,  25  years  old,  came  into  my  clinique  for  an 
affection  of  the  bladder,  which  had  troubled  him  for  a  year.  The 
evacuation  of  the  bladder  was  difficult  and  painful ;  the  urine  was 
sometimes  bloody,  and  after  standing,  deposited  a  sediment,  which 
contained  blood-corpuscles,  and  pus-corpuscles  partly  normal  and 
partly  abnormal.  (The  pus-corpuscles  were  not  round,  but  irregu- 
lar ;  when  treated  with  acetic  acid,  they  either  did  not  show  their 
normal  nuclei,  or  only  showed  small  irregular  nucleoli.)  Besides 
this,  the  sediment  contained  an  irregular  amorphous  granular  matter, 
in  part  finely  divided,  and  in  part  combined  into  larger  masses,  some  of 
them  as  big  as  a  pin^s-head.  Further  investigation  showed  that  the 
prostate  was  enlarged  and  very  sensitive,  and  that  the  lungs  were 
in  an  advanced  stage  of  tubercular  disease.  The  patient  had  never 
suffered  from  chancre  or  gonorrhoea.  The  diagnosis  formed  was 
tuberculosis  of  the  bladder  and  prostate.  The  patient  died  from 
disease  of  the  lungs,  and  the  diagnosis  was  then  confirmed  by  the 
autopsy. 

2.  A  man,   30   years  old,  who  had  always   been  healthy,  was 
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seized  with  attacks  of  pain,  which  passed  from  the  region  of  the 
left  kidney  down  to  the  bladder,  and  terminated  with  very  urgent  and 
frequent  calls  to  micturition.  These  paroxysms  lasted  for  several  hours, 
and  were  followed  by  intervals  of  complete  remission,  lasting  some- 
times for  days  and  sometimes  for  weeks.  Half-a-year  later  a 
swelling  formed  in  the  left  side  of  the  scrotum;  this  broke  and 
formed  a  fistula,  which  resisted  all  efforts  to  heal  it.  The  urine 
contained  neither  gravel  nor  concretions,  such  as  would  lead  to  the 
suspicion  of  calculus  of  the  kidney ;  after  each  attack,  however, 
there  was  a  slight  sediment  deposited,  consisting  of  pus-corpuscles, 
which,  as  in  the  former  cases,  were  of  very  irregular  form,  and  when 
treated  with  acetic  acid,  presented  no  normal  nuclei.  Here,  also, 
there  was  found,  together  with  these  corpuscles,  an  indistinct, 
amorphous,  granular  mass,  of  a  kind  such  as  is  presented  by 
tubercle-detritus  under  the  microscope.  This  appearance,  together 
with  the  affection  of  the  testicle,  indicated  a  deposit  of  tubercle  in 
the  left  ureter. 


SECTION  cvii. 
Urinary  Cylinders  and  Tubular  Casts. 

oediment  consisting  of  urinary  tubular  casts  and  cylinders  is  of 
great  practical  importance  in  assisting  us  in  the  diagnosis  of  certain 
diseases  of  the  kidneys.  This  sediment  requires  the  microscope  for 
its  investigation.  Its  different  forms  and  characters  have  been 
already  described  in  Section  xlv.  We  must,  however,  return 
to  this  subject,  in  order  to  explain  the  indications  presented  by  the 
sediment  under  certain  circumstances. 

The  sediment  consists  of  long  tubular  or  cylindrical  bodies,  which 
are  formed  in  the  tubuli  uriniferi  of  the  kidney,  and  chiefly  in  its 
medullary  portion ;  these  bodies  take  the  form,  more  or  less,  of  these 
canals,  and  to  a  certain  extent  form  casts  of  them.  The  following 
are  the  chief  forms  under  which  the  constituents  of  the  sediment 
present  themselves  to  us. 

1.  Epithelial  cylindrical  casts. — These  consist  of  a  mass  of  epithe- 
lial cells,  exactly  resembling  those  which  are  obtained  from  the 
section  of  the  medullary  portion  of  a  fresh  kidney,  as  observed  under 
the  microscope.     (See  Plate  I.  Fig,  4).     The  epithelium  of  the 
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tubules  of  Bellini  is  separated  in  adherent  masses,  during  certain 
pathological  processes,  and  evacuated  with  the  urine.  Single 
epithelial  cylinders  (caudate  cells)  are  often  also  found  in  the 
sediment  with  these  epithelial  casts;  they  are  derived  from  the 
calices  or  pelves  of  the  kidneys  {Plate  L  Fig.  4) .  Sometimes  also 
pus-corpuscles  are  present. 

2.  Granular  urinary/  casts  {Plate  L  Fig.  6). — ^These  are  solid 
cylinders,  resembling  the  last  in  form  and  size;  they  have,  however,  a 
fine  granular  appearance.  Sometimes  they  enclose  single  epithelial 
cells,  but  more  frequently  blood-corpuscles,  pus-corpuscles,  as  well  as 
the  different  kinds  of  crystals  met  with  in  urine  sediments,  and  espe- 
cially oxalate  of  lime.  Blood-corpuscles,  pus-corpuscles,  or  granular 
cells  are  often  found  mingled  with  these  casts  in  the  sediment. 

3.  Hi/ aline  urinary  casts  {Plate  I.  Fig.  5). — These,  like  the 
last,  are  solid  cylinders,  but  so  pale  and  translucent  that  it  is  often 
very  difficult  to  distinguish  them  under  the  microscope,  from  the 
fluid  which  surrounds  them.  They  are  rendered  more  distinct  by 
the  addition  to  the  urine  of  a  small  quantity  of  a  solution  of  iodine 
in  iodide  of  potassium,  which  imparts  to  them  a  brownish 
colour. 

Between  the  casts  described  (2  and  3)  there  are  several  intermediate 
transition  forms.  The  hyaline  cylinders,  for  example,  sometimes  con- 
tain pus-corpuscles  or  granular  molecules,  or  fatty  and  oily  granules, 
and  in  such  case  they  somewhat  resemble  the  granular  urinary  cUts. 

Attention  should  also  be  paid  to  the  diameter  of  these  casts. 
Sometimes  the  diameter  is  small,  m  of  a  line;  sometimes  it  is  equal 
to  the  5i5  of  a  line,  or  even  more.  Sometimes  again,  the  casts  are  of 
unequal  diameter,  being  small  at  one  part,  and  at  other  parts  broad, 
and  varicose. 

The  casts  and  cylinders  are  sometimes  present  in  the  urine  only  in 
very  small  quantities.  In  such  case,  we  must  allow  the  urine  to 
stand  for  some  time  before  we  examine  the  precipitate,  or,  what  is 
better,  filter  the  urine,  and  examine  with  the  microscope  the  magma 
left  on  the  filter.  We  cannot  be  sure  that  the  urine  does  not 
contain  casts,  unless  we  do  this.  It  is  advisable,  also,  to  colour  the 
urine  with  a  solution  of  iodine  in  iodide  of  potassium,  in  order  not 
to  overlook  any  of  the  transparent  hyaline  cylinders  mentioned 
above.  Sometimes  forms  are  met  with  in  the  sediment,  which  have 
some  kind  of  resemblance  to,  and  may  be  mistaken  for,  granular 
cylinders,  but  yet   are  not  granular  cylinders.     These  forms  are 
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cylindrical  and  sausage-shaped,  and  consist  of  masses  of  fine  mole- 
cules {Plate  II,  Fig.  2).  They  are  most  frequently  met  with  in 
albuminous  urine,  or  in  urine  which  has  stood  for  some  time,  and 
has  undergone  partial  decomposition.  They  result  from  the  precipi- 
tation in  a  fine  granular  form  of  albumen,  mucus,  &c.  A  practised 
eye  will  readily  distinguish  them  from  the  true  granular  cylinder  by 
their  less  regular  shape. 

Indication. — ^Urinary  cylinders  and  tubes  are  always  formed  in  the 
tubules  of  the  kidneys,  and  most  especially  in  the  tubules  of  Bellini 
in  the  medullary  portion  of  the  kidneys.  They  indicate  disease  of 
the  kidneys.  They  are  usually  regarded  as  a  certain  sign  of  the 
so-called  Bright's  disease  of  the  kidneys,  and  in  most  cases  really  are 
so.  The  name,  however,  of  morbus  Brightii  is  somewhat  indefinite, 
several  different  kinds  of  diseases  of  the  parenchyma  of  the  kidneys 
being  usually  included  under  the  term.  Something  more  definite  is 
therefore  required  in  considering  these  morbid  products  as  indica- 
tions in  the  diagnosis,  prognosis,  and  treatment  of  kidney  diseases. 
We  will  therefore  endeavour  to  point  out  somewhat  more  distinctly 
the  indications  to  be  derived  from  the  different  forms  of  these 
products. 

Urinary  casts  in  the  urine  indicate  that  a  separation  of  the 
epithelium  of  the  tubules  of  Bellini  is  going  on,  desquamative 
nephritis.  This  process  may  be  of  a  purely  temporary  character : 
consequently,  urinary  sediment  which  consists  of  epithelial  cylinders, 
and  disappears  in  the  course  of  a  few  days,  justifies  a  favourable 
prognosis.  If  pus-corpuscles  are  found  mingled  with  the  casts,  the 
existence  of  acute  inflammation  (pyorrhoea)  either  of  the  kidneys,  or 
of  their  calices,  or  pelves,  is  indicated. 

On  the  other  hand,  granular  and  hyaline  urinary  cylinders  always 
indicate  a  serious  affection  of  the  kidneys,  generally  of  a  chronic 
kind.  The  hyaline  cylinders  are  probably  formed  by  the  coagula- 
tion of  the  fibrin  of  fibrinous  exudation  which  has  been  thrown  out 
in  the  urinary  canals  of  the  kidney  (croupose  inflammation).  The 
granular  cylinders  are  formed  either  through  a  further  metamor- 
phosis of  the  exudation  in  the  urinary  canals,  or  through  the 
degeneration  of  the  epithelial  glandular  cells  lining  the  canals. 

The  larger  the  quantity  of  cylinders  in  the  urine  and  the  longer 
time  they  are  present  in  the  urine,  the  more  extensive  as  a  rule 
is  the  degeneration  of  the  kidneys,  and  the  more  unfavourable, 
therefore,  must  be  the  prognosis. 
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If  a  large  quantity  of  fatty  particles  be  found  embedded  for  a 
length  of  time  in  the  cylinders,  we  may  conclude,  that  the 
degeneration  of  the  kidneys  has  taken  the  form  of  fatty  metamor- 
phosis. 

The  continual  presence  of  blood  with  the  cylinders,  or  of  blood 
in  the  urine  together  with  cylinders,  indicates  more  especially 
disease  of  the  vessels  of  the  kidney — atheroma,  fatty,  or  lardaceous 
degeneration  of  the  renal  arteries,  particularly  of  the  vascular 
loops  in  the  Malpighian  bodies. 

Cylinders  of  very  small  diameter  indicate  a  shrivelling  and 
narrowing  of  the  urinary  canals  of  the  kidney,  and  inordinately  large 
cylinders,  a  widening  of  the  canals.  Cylinders  of  various  diameters, 
with  bulgings  and  contractions,  indicate  a  varicose  or  distended 
condition  of  the  canals. 

When,  as  often  happens,  several  of  the  modifications  of  the  form 
of  cylinders  exist  together,  we  may  conclude  that  the  pathological 
changes  going  on  in  the  kidney  are  of  a  very  complicated  kind. 


SECTION    CVIII. 

PuNGi. — Infusoria. — Kiestein. 

Dr.  H.  Hassall. — On  the  development  and  signification  of  Vibric 
lineala,  Bodo  urinarius,  and  on  other  fungoid  products,  &c.,  ii 
urine. — Lancet,  Nov.  1859,  ii.  21. 

Fungi  and  Infusoria  never  exist  in  fresh  urine;  their  presence  \% 
accidental.  They  are,  however,  frequently  found  in  urine  whicl 
has  been  kept  for  some  time,  and  are  almost  invariably  present  ii 
urine  which  has  undergone  decomposition. 

The  infusoria  are  always  very  small ;  and  with  a  sufficiently  higW 
power  may  be  recognised  by  their  motion.  They  consist  either  of 
point-like  monads,  or  of  long  linear  vibrios.  More  rarely,  they 
are  larger,  roundish,  and  resemble  mucus-cells.  They  are 
found  chiefly  in  putrid  urine,  which  contains  albumen,  mucus, 
blood  or  pus ;  and  in  some  cases  are  so  rapidly  formed,  as  to  lead 
to  the  idea  that  they  were  formed  within  the  bladder.  This  fact  is 
indicative  of  an  inclination  to  the  ready  dissolution  of  the  juices  of 
the  body,  and  may  in  some  diseases  of  a  septic  nature  be  of  service, 
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as  corroborative  of  an  unfavourable  prognosis.  In  all  such  cases, 
however,  the  observer  must  satisfy  himself,  that  the  vibrios  have 
not  been  accidentally  mixed  with  the  urine. 

Fungi  appear  in  the  urine  in  the  form  of  roundish  or  oval  cells 
(spores  and  sporules),  or  of  simple,  or  compound,  or  branched  threads 
(thallus,  mycelium).  As  a  rule,  they  do  not  appear  in  the  urine 
until  it  has  been  kept  for  some  length  of  time.  The  yeast-fungi 
found  in  diabetic  urine  are  an  exception ;  they  appear  in  the  form 
of  oval  cells,  partly  single,  and  partly  joined  together  in  pearl-like 
rows  {Plate  II.  Fig.  2) .  They  are  spontaneously  developed  in  dia- 
betic urine,  especially  during  warm  weather,  often  appearing  soon 
after  the  urine  has  been  passed,  and  are  thus  of  service  in  the  diagnosis 
of  glycosuria.  They  are  not,  however,  of  themselves,  a  sure  sign  of 
the  presence  of  sugar  in  the  urine. 

L.  Pasteur  (Ci9»zjo^^5  Rendus,  1860,  I.  p.  841)  rightly  points  out : 
that  the  ova  of  these  fungi  and  infusoria  always  pass  into  the  urine 
from  without,  and  are  never  spontaneously  developed  in  it  {generatio 
cequivoca) ;  that  in  most  cases  they  appear  after  the  urine  has  been 
evacuated ;  and  that  they  are  the  special  cause  of  the  acid  and  alka- 
line fermentations  of  the  urine,  as  well  as  of  its  putrefaction.  Urine 
from  which  these  ova  are  carefully  excluded  may  be  preserved  with- 
out undergoing  putrefaction. 

Sarcinse  have  also  been  sometimes  found  in  the  urine  by  some 
Enghsh  physicians,  as  well  as  by  Heller,  Welcker,  and  Ph.  Munk, 
in  Germany  (Section  xlvii.).  The  sarcinse  in  the  urine  afford  no 
special  indication,  any  more  than  they  do  when  found  in  the  other 
cavities  of  the  body,  in  the  stomach,  in  the  intestines,  and  the  lungs, 
in  which  organs  they  are  more  frequently  observed.  They  must  be 
regarded  as  accidental  parasites.  Their  presence  in  the  bladder 
probably  promotes  the  decomposition  of  the  urine,  rendering  it  alka- 
line, and  causing  a  deposit  of  earthy  phosphates,  &c. ;  it  is  there- 
fore of  practical  interest. 

Under  this  head  may  also  be  mentioned  the  so-called  kiestein, 
which  was  thought  to  be  present  in  the  urine  of  women  only  during 
pregnancy,  and  therefore  regarded  as  a  sign  of  pregnancy.  This 
name  was  applied  to  a  pelhcle,  which  appeared  on  the  surface  of 
urine,  that  had  stood  for  several  days.  The  microscope  shows  us 
that  the  pellicle  in  fact  consists  of  very  different  elements,  and  for 
the  most  part  of  a  large  mass  of  vibrios  with  fungi,  of  crystals  of 
ammonio-phosphate  of  magnesia,  of  fatty  particles,  &c.     This  pel- 
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licle,  however,  is  not  found  exclusively  in  the  urine  of  pregnant 
women ;  it  is  met  with  in  women  not  pregnant,  and  also  in  men, 
and  is  therefore  of  no  diagnostic  value. 


1 


section  cix. 
Spermatozoa. 


The  presence  of  spermatozoa  in  the  urine  can  only  be  shown  with 
the  microscope,  and  under  a  high  power.  They  are  readily  recog- 
nised by  their  peculiar  tadpole-like  form.  They  are  seldom  present 
in  large  quantities  in  the  urine ;  often,  indeed,  only  a  single  one  is 
found.  It  is  necessary,  therefore,  to  allow  the  urine  to  stand  for 
some  time  in  a  champagne  glass,  then  to  pour  off  carefully  the  upper 
portion,  and  examine  microscopically  the  lower  portion,  which  will 
contain  the  spermatozoa,  should  any  be  present  in  the  urine. 

Their  indication  is  evident  enough.  Their  presence  in  the  urine 
of  man  indicates  that  an  emission  of  semen  has  taken  place.  Some- 
times they  lead  to  the  discovery  of  onanism.  In  the  urine  of  woman 
they  prove  that  coitus  has  taken  place,  provided,  of  course,  that 
there  has  been  no  accidental  admixture  of  semen  with  the  urine. 

The  imperfect  spermatozoa  (Section  xlvi.)  occasionally  observed  in 
the  urine  by  Clemens  (Henle  and  Pfeufer,  Zeitschrift,  1846,  vol.  v. 
p.  183;  2ivA  BeuUche  Klinih,  1860,  p.  30)  indicate  inordinate  or 
long-continued  irritation  of  the  genital  organs,  whereby  imperfectly 
as  well  as  perfectly  formed  spermatozoa  have  b'een  ejected.  (Onanism, 
&c.) 


SECOND    PART. 


QUANTITATIVE    CHANGES     IN     THE     URINE. 
SECTION   ex. 

Much  less  attention  has,  up  to  a  recent  period^  been  paid  to  the 
quantitative  alterations  of  the  urine,  that  is  to  say,  to  the  increase  or 
diminution  of  its  normal  constituents,  than  to  its  qualitative  alter- 
ations. The  chemical  character  of  diseases,  and  the  changes  of  nutri- 
tion attending  them  were  considered  of  little  value  in  diagnosis. 
And  besides  this,  the  methods  of  analysis  hitherto  employed  in  such 
investigations  were  very  difficult  of  application,  tedious,  and  lengthy, 
requiring  a  complicated  apparatus,  and  even,  in  some  cases,  a  complete 
laboratory  for  their  performance ;  so  that  they  were  available  only 
in  the  hands  of  chemists. 

By  the  recent  introduction,  however,  of  newer  methods  of  investi- 
gation, and  particularly  of  the  method  of  volumetrical  analysis,  many 
of  the  processes  have  been  much  simplified,  and  may  now  in  fact  be 
readily  performed  by  the  physician.  The  necessity  of  a  quantitative 
analysis  of  the  products  of  the  different  metamorphic  processes  in 
the  sick  has  become  evident  on  account  of  its  importance  in  the 
diagnosis,  prognosis,  and  treatment  of  diseases.  I  trust,  therefore, 
that  the  following  attempt  to  bring  the  importance  of  these  investi- 
gations under  the  notice  of  the  physician,  as  far  as  it  is  possible  to 
do  so  at  the  present  time,  may  assist  in  bringing  them  into  more 
general  notice. 

The  quantitative  alterations  of  the  urine  may  be  divided  into  two 
groups  according  as  they  are  more  or  less  readily  investigated  : 

I.  Into  those  which  may  be  discovered  without  any  minute  che- 
mical analysis,  and  which  are  of  especial  value  to  the  physician  on 
account  of  their  being  readily  demonstrated ; 

II.  And  into  those  which  require  a  quantitative  chemical  analysis, 
and  are  therefore  more  difficult  of  demonstration. 
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The  Quantitative  Alteeations  op  the  Urine  which  aue 
Easily  Demonstrated. 

Under  this  head  belong:   the  quantity  of  the   urine;  its  soHdl 
residue  and  specific  gravity;  and  its  colour.     These  facts  are  so" 
readily  ascertained,  require  such  simple  apparatus,  and  so  little  time, 
that  there  is  no  excuse  for  omitting  to  obtain  them  in  cases  in  which 
they  may  give  an  insight  into  diseased  processes. 


section    CXI. 

The  Quantity  of  the  Urine. 

J,  Vogel  im  ArchivfUr  gemeinschaftliche  Arheiten,  vol.  i.,  p.  104. 

The  process  required  for  determining  the  quantity  of  urine  has 
already  been  described  in  Section  l.  The  quantity  is  ascertained 
much  more  readily  by  measurement  than  by  weight. 

The  estimation  of  the  quantity  of  urine  is  of  no  use  unless  we  also 
note  the  length  of  time  during  which  it  was  passed.  It  is  best  to 
collect  the  urine  which  has  been  passed  during  the  twenty-four 
hours,  or  during  every  hour,  or  at  least  to  reckon  the  quantity 
passed  during  these  periods.  In  accurately  made  investigations  the 
physician  must  always  take  care  that  the  whole  of  the  urine  is  col- 
lected, and  none  of  it  lost  during  defecation  or  otherwise,  and  that 
no  water  has  been  accidentally  poured  into  the  urinal. 

A  simple  estimate  of  the  quantity  of  urine  passed,  without  either 
weighing  or  measuring,  sometimes  gives  important  indications,  but 
does  not  serve  for  accurate  investigations.  Graduated  urine-glasses 
are  readily  obtained,  and  should  always  be  employed ;  they  enable 
the  observer  to  ascertain  the  colour,  the  degree  of  transparency,  the 
sediment,  and  other  qualities  of  the  urine  much  better  than  he  could 
do  if  the  urine  were  contained  in  a  porcelain  or  earthenware  vessel. 

In  order  to  ascertain  the  mean  quantity  of  urine  passed  in  the 
course  of  chronic  diseases,  we  must  not  be  satisfied  with  measuring 
the  urine  for  a  single  day ;  for  during  that  short  period  accidental 
circumstances  may  readily  increase  or  diminish  the  quantity.  The 
urine  must  be  measured  for  several  days  consecutively,  and  the  mean 
quantity  then  reckoned  for  twenty-four  hours. 
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To  ascertain  the  effect  of  any  temporary  influence  over  the  secre- 
tion, it  is  best  to  calculate  the  quantity  of  urine  passed  per  hour. 

The  estimation  of  the  quantity  of  urine  forms  the  basis  for  the 
quantitative  determination  of  all  the  other  constituents  of  the  urine. 
It  is  also,  in  itself,  often  an  important  indication,  showing  the  activity 
of  the  kidneys,  and  their  power  of  separating  water  from  the 
system. 

It  is  often  of  importance  to  determine  the  relation  of  the  quantity 
of  urine  to  the  amount  of  the  pulmonary  exhalation,  the  perspiration, 
and  the  faeces.  Many  hints  for  judging  of  diseased  conditions  of  the 
body,  as  well  as  of  their  prognosis  and  treatment,  may  be  thereby  ob- 
tained. Thas,  in  most  chest  diseases,  and  heart  and  skin  diseases,  a 
diminution  of  the  urinary  secretion,  associated  with  an  increase  of  the 
pulmonary  exhalation,  is  an  unfavourable  sign.  The  duty  of  the 
physician  is,  in  such  cases,  to  increase  the  urinary  secretion  in  order 
to  relieve  the  affected  organs.  On  the  other  hand,  in  most  diseases 
of  the  kidneys,  the  object  is  to  diminish  the  action  of  the  kidneys, 
and  lessen  the  quantity  of  urine,  by  stimulating  the  other  secre- 
tions. 

In  cases  of  permanent  increase  of  the  urme — polyuria,  diabetes, — 
the  determination  of  the  quantity  of  urine  is  the  first  and  most 
important  means  of  ascertaining  the  nature  of  the  disease. 

To  determine  in  any  case  whether  the  quantity  of  urine  is  increased 
or  diminished,  it  is  not  enough  to  measure  the  urine ;  we  must  also 
ascertain  to  what  amount  the  urine,  thus  measured,  exceeds, 
OT  is  less  than  the  normal  quantity.  Por  this  purpose,  we  must 
learn  the  normal  quantity  of  urine  passed  by  an  individual.  If  very 
accurate  results  are  required,  as  in  physiological  experiments  con- 
cerning the  influence  of  various  agents  on  the  urinary  secretion,  the 
normal  quantity  of  the  urine  passed  by  the  individual  must  always 
be  ascertained  at  the  time  of  each  experiment.  In  the  case  of  the 
sick,  we  must,  as  a  rule,  be  satisfied  with  an  approximative  estima- 
tion, and  substitute  for  the  amount  of  urine  of  the  individual,  the 
mean  general  amount,  which  has  been  obtained  by  numerous  experi- 
ments on  different  individuals. 

In  practice,  however,  little  attention  is  paid  to  this  principle.  On 
the  one  hand,  physicians  are  apt  to  trouble  themselves  too  Httle  with 
such  investigations,  and  hence  deduce  from  observations,  correct 
enough  in  themselves,  false  conclusions,  in  consequence  of  judging 
them  by  an  incorrect  standard.      Then,  again,   over-exact  physiolo- 

a  a 
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gists  object  to  investigations  of  an  approximative  kind  made   on 
patients,    because    these    investigations    do   not   appear   to   them 
sufficiently  accurate.     It  therefore  seems  desirable,  that  I  should  « 
illustrate  this  subject  by  a  few  examples.  f 

The  mean  quantity  of  urine  passed  in  an  hour  by  a  healthy  adult 
reaches,  as  we  know,  to  from  60  to  70  C.  C. ;  and  may  vary  between 
30  and  100  C.  C.  If  then,  we  find,  that  in  an  individual,  the 
normal  amount  of  whose  urine  we  are  not  acquainted  with,  a  mean 
quantity  of  80  C.  C.  are  passed  hourly  under  the  influence  of  some 
medicinal  agent,  we  may  fairly  conclude,  that  the  medicine  employed 
has  a  diuretic  effect.  The  conclusion,  however,  is  not  certain,  be- 
cause, as  we  have  seen,  80  C.  C.  are  within  the  limits  of  the  normal 
variation  of  the  quantity  of  urine.  Still  less  are  we  able,  from  this 
experiment,  to  decide  to  what  amount  the  urine  has  been  increased 
by  the  agent  employed ;  because  the  normal  amount  of  urine  passed 
by  the  individual  may  be  either  somewhat  above  or  below  the 
mean  quantity.  To  arrive,  in  such  a  case,  at  a  trustworthy  result, 
we  must  endeavour  to  obtain,  by  numerous  observations,  the  mean 
quantity  of  urine  passed  by  the  individual  at  the  time  of  the  experi- 
ment, and  then  compare  the  quantity  thus  obtained  with  the  quantity 
passed  under  the  influence  of  the  medicine. 

If,  again,  we  find,  after  numerous  trials,  that  a  person  who  has  par- 
taken largely  of  fluids,  water,  tea,  &c.,  constantly  passes  an  average 
quantity  of  400  C.  C.  of  urine  per  hour,  we  may  be  certain,  without 
knowing  the  normal  quantity  of  urine  passed  by  the  individual,  that 
the  drink  taken  has  produced  a  diuretic  efi*ect.  The  400  C.  C. 
passed  per  hour  exceed  so  much  the  general  average  quantity,  that 
it  becomes  a  matter  of  no  importance  whether  the  normal  quantity 
passed  by  the  individual  is  40,  60,  or  80  C.  C.  per  hour. 

The  same  thing  often  occurs  in  the  case  of  the  sick.  The  mean 
quantity  of  urine  passed  in  24  hours,  by  well-nourished  healthy 
adults,  varies  between  1400  and  1600  C.  C,  and  by  others,  who 
take  less  fluids,  between  1200  and  1400  C.  C.  If  then  we  find 
that  a  sick  person  passes  only  400  C.  C.  in  24  hours,  we  may  be 
sure  that  the  normal  quantity  of  his  urine  is  materially  diminished ; 
the  diminution  is,  inded,  so  considerable,  that  we  gain  nothing  by 
ascertaining  whether  the  individual  normally  passes  1200  or 
1400  C.  C.  of  urine.  We  may  be  equally  certain  that  the 
urinary  secretion  is  abnormally  increased  in  a  sick  person,  who 
passes  2500  or  3000  C.  C.  of  urine  in  the  24  hours,  although  we 
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have  not  accurately  measured  the  normal  quantity  of  urine  passed  by 
the  individual. 

Numerous  observations  show  that^  in  healthy  adults,  the  mean 
quantity  of  urine  passed, 

a.  in  24  hours, 
By  well-nourished  persons  who  drink  freely,  equals  1400  to  1600  CO. 
By  those  who  drink  less 1200  to  1400  C.C. 

h.  in  one  hour. 
By  free  drinkers         .........         50  to     70  CC. 

By  less  free  drinkers 40  to     60  C.  C. 

If  we  calculate  the  mean  quantity  of  urine  by  the  weight  of  the 
body,  we  find  that  in  an  adult  an  average  of  1  C.  C.  per  hour  is 
passed  for  every  kilogramme  (2  pounds)  of  the  weight  of  his 
body. 

Calculating  according  to  the  height  of  the  body,  we  find,  that 
an  adult  passes  hourly  an  average  of  40  0.  C.  of  urine  for  each  1 00 
centimetres  of  height. 

The  daily  quantity  varies  between  1000  to  3000,  and  the  hourly 
quantity  between  20  and  200  C.  C. 

These  variations  depend  in  great  part  on  different  external  in- 
fluences, on  eating,  and  especially  on  drinking,  and  on  an  increase  or 
diminution  of  the  perspiration,  &c.  In  persons  who  live  regularly, 
the  variations  are  confined  within  much  narrower  limits  than  in 
those  who  live  irregularly. 

Moreover,  we  observe  pretty  regular  variations  in  the  quantity  of 
urine  passed  at  different  times  of  the  day.  In  Germany,  the 
greatest  average  hourly  quantity  of  urine  is  passed  in  the  afternoon 
after  dinner,  viz.,  77  C.C.  in  an  hour;  and  the  smallest  quantity 
during  the  night,  viz.,  58  C.  C.  in  the  hour  :  a  medium  quantity  is 
passed  in  the  morning,  viz.,  69  C.  C.  We  must,  therefore,  in  all 
cases  in  which  we  wish  to  determine  accurately  the  influence  of  any 
agent  over  the  secretion  of  urine,  take  into  consideration  the  period 
of  the  day  when  the  experiment  is  performed. 

It  is  very  difficult  to  say  what  the  agents  are  by  which  the  quan- 
tity of  the  urine  is  increased  or  diminished,  and  chiefly  because  a 
large  number  of  agents  operate  simultaneously  on  the  urinary  secre- 
tion, increasing  and  diminishing  it,  and  thus  aid  or  neutralise  each 
other.  Hence  it  is  very  difficult  to  determine  the  diuretic  power  of 
each  agent  separately. 

The  secretion  of  urine  is  undoubtedly  increased  by  free  drinking. 
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although  certainly  not  in  the  way  pointed  out  by  Falck,  who  affirms, 
that  the  whole  of  the  water  drunk  is  separated  with  the  urine.  We 
all  know,  that  an  individual  who  is  exposed  to  a  high  temperature, 
if  he  drinks  much  and  takes  strong  exercise,  will  perspire  freely ; 
and  accurate  experiments  have  shown,  that  under  such  circumstances, 
a  larger  portion  of  the  water  passes  out  of  the  body  through  the 
skin  than  through  the  kidneys.  Fluids  of  the  most  varied  kinds, 
such  as  water,  carbonated  water^  beer,  wine,  tea,  &c.,  when  taken  in 
sufficient  quantity,  act  diuretically  on  persons  in  health,  but  not 
invariably  so  on  the  sick.  The  differences,  however,  which  un- 
doubtedly exist  in  the  diuretic  properties  of  different  fluids  are  very 
difficult  of  determination,  for  numerous  attendant  circumstances 
modify  their  action,  and  so  also  do  individual  idiosyncrasies. 

Examples. — The  quantity  of  urine  passed  per  hour  in  healthy 
men  was  increased  by  free  drinking  of  water  from  between  60  and 
70  C.  C,  up  to  300,  400,  600  C.  C,  and  even  more. 

In  twelve  students  who,  for  the  sake  of  experiment,  drank  large 
quantities  of  beer,  the  mean  quantity  of  urine  secreted  per  hour 
reached  473  C.  C. ;  the  minimum  quantity  being  212,  and  the  maxi- 
mum 838  C.  C. 

C.  Westphal  also  {VircJww's  Arcliiv,  1860,  vol.  xviii.  p.  509)  and 
K.  H.  Ferber  {Arch.  d.  Heilkunde,  1860,  I.  p.  244)  found,  that  the 
ingestion  of  water  produces  an  increase  of  the  urine  in  dogs  as  weU  as 
in  man ;  the  quantity  of  urine  increasing  gradually,  remaining  station- 
ary for  some  hours,  and  then  returning  to  the  normal  standard.  They 
also  found  that  the  whole  of  the  water  imbibed  was  not  evacuated 
with  the  urine ;  a  considerable  portion  of  it  in  fact  passed  off  with 
the  perspiration. 

The  secretion  of  urine  is  lessened  by  diminishing  the  quantity  of 
drink,  by  abstinence  from  drink  until  great  thirst  is  excited,  but  not 
in  a  degree  equal  to  that  in  which  it  is  increased  by  free  drinking. 

Example. — In  four  male  persons  of  twenty  to  twenty-five  years  of 
age  who  were  put  upon  a  dry  diet,  the  mean  average  quantity  of 
urine,  which  under  ordinary  diet  reached  to  about  86  C.  C.  per  hour, 
was  reduced  to  37  C.  C.   (Mosler). 

All  causes  which  favour  the  separation  of  water  from  the  body 
by  other  ways,  diminish  the  secretion  of  urine ;  for  example,  free 
perspiration,  copious  watery  stools,  and  frequent  vomiting. 

On  the  other  hand,  all  causes  which  lessen  the  passage  of  water 
from  the  body  through  other  outlets,  increase  tlie  urinary  secretion ; 
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much  moisture  in  the  air,  for  instance,  whereby  the  cutaneous  and 
pulmonary  exhalations  are  impeded,  and  other  agents,  such  as  cold, 
which  diminishes  the  cutaneous  perspiration. 

As,  however,  causes  of  this  kind  seldom  exercise  an  undivided  in- 
fluence over  the  urinary  secretion,  the  quantity  of  urine  which  is  noted 
in  such  cases  can  rarely  ever  be  regarded  as  the  effect  produced  by  any 
one  particular  agent.  Por  this  reason  I  shall  omit  numerous  exam- 
ples, which  I  might  quote  under  this  head.  To  obtain  some  general 
idea  of  the  actual  power  of  these  agents,  the  following  considerations 
may  be  noted.  The  quantity  of  water  passed  with  the  urine  is  about 
equal  to  the  whole  quantity  passed  through  the  skin,  the  lungs,  and 
with  the  faeces.  The  increase  or  the  diminution,  therefore,  of  any 
one  of  these  last-mentioned  functions  must  exercise  a  considerable 
influence  over  the  amount  of  urinary  secretion. 

The  action  of  the  nervous  system  upon  the  functions  of  the  kid- 
neys has  doubtless  a  very  great  influence  over  the  quantity  of  urine. 
The  action  of  the  kidneys  is  generally  increased  by  great  bodily  and 
mental  exertion,  and  lessened  during  sleep,  and  when  the  body  is  at 
rest.     It  is  also  increased  and  diminished  by  different  diseases. 

A  large  number  of  observations  made  on  seven  men,  gave  58  C.  C. 
as  the  mean  quantity  of  urine  passed  hourly  during  the  night,  and 
73  C.  C.  as  the  average  during  the  day.  That  rest  alone  was  the 
cause  of  the  difPerence  in  quantity  which  was  passed  during  the 
night  may  be  inferred  from  the  fact  that  persons  who  work  during 
the  night,  either  bodily  or  mentally,  pass  as  much  urine  then  as  they 
do  during  the  day. 

The  influence  of  increased  action  of  the  kidneys  on  the  secretion 
of  urine  is  strikingly  shown  in  cases  of  dropsy.  Por  instance,  in  a 
dropsical  patient  who  passes  on  an  average  only  400  C.  C.  of  urine 
in  twenty-four  hours,  the  secretion  under  the  influence  of  diuretics, 
or  even  by  simple  increase  of  the  bodily  powers,  may  reach,  in  a  very 
short  time,  to  3000,  and  even  5000  C. C.  per  day;  and  this  will 
happen  without  any  material  change  in  his  mode  of  living,  of  the 
quantity  of  his  drink,  &c. 

The  following  appear  to  be  the  simplest  physiological  conditions 
to  which  w^e  must  look  as  the  regulators  of  the  quantity  of  urine 
passed  : 

1.  TJie  more  or  less  watery  condition  of  the  hlood. — A  large  addi- 
tion of  fluid  to  the  blood  increases,  and  a  large  abstraction  of  fluid 
from  it,  diminishes  the  flow  of  urine ; 


358  QUANTITY  OF  THE   URINE. 

2.  The  state  of  activity/ of  the  kidneys. — The  action  of  the  kidneys 
is  not  a  simple  force.  It  depends  upon  the  degree  of  the  pressure 
of  blood  in  the  renal  arteries,  and  especially  in  the  Malpighian 
bodies ;  upon  the  easy  or  impeded  flow  of  urine  from  the  urinary 
canals,  upon  the  state  of  the  nervous  system  generally,  and  of  the 
nerves  of  the  kidney  in  particular,  &c.  All  these  several  forces, 
however,  have  not  yet  been  clearly  determined ;  we  therefore  class 
them  all  under  the  above  general  expression. 

Quantity  of  urine  passed  by  the  sick. — The  quantity  of  urine  passed 
by  the  sick  varies  much.  Its  variations  are  in  some  cases  accidental, 
depending  upon  different  influences ;  in  other  cases  they  are  constant, 
so  as  to  be  always  essentially  the  same  in  diseases  of  the  same  kind. 
The  abnormal  states  of  the  urine  of  the  latter  kind  are  of  great  im- 
portance to  the  physician,  both  in  respect  of  diagnosis  and  prognosis, 
and  treatment.     The  most  important  of  these  are  the  following : — 

1.  In  all  febrile  diseases  during  their  acute  periods,  the  quantity 
of  urine  is  considerably  diminished,  but  increases  again  when  the 
intensity  of  the  disease  has  passed.  (Among  the  very  few  excep- 
tions to  this  rule  may  be  mentioned  intermittent  fevers  during  their 
paroxysms.)  During  convalescence  the  quantity  of  urine  again 
becomes  normal,  or  even  exceeds  the  normal  quantity. 

Hence,  in  all  such  diseases,  the  quantity  of  urine,  especially  in  con- 
junction with  the  colour  of  the  urine  (Section  cxiii.),  gives  us  im- 
portant indications.  Thus  a  constant  daily  diminution  of  the  quantity 
of  urine  indicates,  that  the  intensity  of  the  disease  is  increasing ;  the 
continued  passing  of  a  diminished  amount  of  urine — less  than 
800  C.  C.  a-day — that  the  intensity  of  the  disease  has  not  dimi- 
nished ;  on  the  other  hand,  a  gradual  increase  of  the  quantity  of 
urine  shows  that  the  force  of  the  disease  is  broken. 

An  explanation  of  this  general  law,  which  is  of  considerable  im- 
portance as  indicating  the  state  of  the  nutritive  functions  of  the 
body  in  febrile  diseases,  can  scarcely  yet  be  given.  It  would  appear, 
on  close  examination  of  the  urine,  that  in  all  these  cases  the  dimi- 
nution of  the  quantity  of  urine  depends  solely  upon  a  diminution  of 
the  quantity  of  water  separated  by  the  kidneys.  How  this  is  brought 
about,  whether  by  diminution  of  the  pressure  of  the  blood,  or  by 
lessening  of  the  nervous  influence,  &c.,  has  not  yet  been  ascer- 
tained. 

Diminution  of  the  quantity  of  urine  occurs,  with  very  few  excep- 
tions, in  all  acute  febrile  diseases,  in  pneumonia,  pleurisy,  typhus 
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rheumatic,  gastric,  and  pyaemic  fevers,  &c.  The  fact  is  well  known 
to  all  physicians,  and  requires  no  illustration  here.  The  following 
cases  serve  to  show  the  changes  in  the  urinary  secretions  in  these 
diseases  : — 

An  attendant  in  my  clinique,  the  normal  quantity  of  whose 
urine  had  been  for  some  time  previously  determined,  feU  ill  of 
typhus.  The  daily  quantity  of  urine,  which  he  had  previously  passed 
was  on  an  average  about  1800  C.  C,  it  now  gradually  diminished, 
and  in  the  course  of  three  days  fell  down  to  200  C.  C.  In  the  five 
following  days  the  quantity  again  gradually  increased  up  to  the 
normal  standard;  then  exceeded  this,  reaching  to  2200  CO.,  and 
finally  again  came  down  to  the  normal  amount. 

In  a  patient  suffering  from  pneumonia  the  urine  first  diminished  to 
500  C.  C. ;  in  the  course  of  ten  days  increased  to  the  normal  amount ; 
then  exceeded  this,  reaching  to  3000  CO.;  and  lastly,  with  slight 
variations,  gradually  returned  to  the  normal  quantity. 

2.  Towards  the  fatal  termination  of  diseases,  acute  as  well  as 
chronic,  the  urine  in  most  cases  either  gradually  diminishes,  or 
remains  at  a  low  standard,  varying  somewhat  from  time  to  time. 
But  this  is  not  always  the  case.  Sometimes  the  urine  diminishes 
only  very  slightly  up  to  the  time  of  the  death  of  the  patient, 
amounting  to  as  much  or  more  than  800  C.  C.  a-day.  This  doubt- 
less depends  upon  the  circumstance,  that  in  many  cases  the  immediate 
cause  of  death  is  to  be  referred  to  a  gradual  failing  of  the  nutritive 
powers ;  whilst  in  other  cases,  it  is  rapidly  induced  by  disturbances 
of  the  nervous  system,  impediments  to  the  heart  and  lungs,  &c. 

3.  The  quantity  of  urine  passed  in  chronic  diseases,  is  of  especial 
interest  to  the  physician,  in  dropsy  for  example,  and  in  those  dis- 
orders to  which  the  generic  name  of  diabetes  is  usually  given. 

The  quantity  of  the  urine,  and  especially  of  the  water  secreted  by 
the  kidneys,  is  generally  much  diminished  in  cases  of  dropsy. 
In  consequence  of  this,  the  constituents  of  it,  and  especially  the 
water,  which  should  otherwise  be  evacuated,  are  retained  in  the 
blood ;  thereby  favouring  the  exudation  of  the  dropsical  fluid  into  the 
areolar  tissues,  into  serous  cavities,  &c.,  and  rendering  still  more 
difficult  the  absorption  of  the  fluid  already  eff'used.  Long  experience 
has  shown,  that  the  cure  of  the  dropsical  is  especially  promoted  by 
increasing  the  discharge  of  urine  by  diuretics.  The  quantity  of 
urine  passed  by  the  dropsical  is  the  surest  sign  on  which  to  form 
a  prognosis,  and  also  gives  us  the  best  indication  for  treatment. 
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We  usually  designate  with  the  name  of  diabetes  those  diseases,  in 
which  the  quantity  of  urine  for  a  length  of  time  exceeds  constantly  and 
considerably  the  normal  standard.  To  judge  of  these  cases,  however, 
it  is  necessary  to  ascertain  the  amount  of  solid  constituents  contained 
in  the  urine ;  it  is  not  enough  merely  to  measure  the  amount  of  fluid 
passed.    (Section  cxii.) 

4.  It  is  evident,  that  in  the  sick  the  state  of  all  those  forces,  which 
influence  the  secretion  of  the  urine  in  health,  must  be  taken  into 
consideration.  In  the  sick,  for  instance,  free  drinking,  and  a  watery 
state  of  the  blood,  combined  with  increased  activity  of  the  urinary 
organs,  may  temporarily  increase  the  quantity  of  urine.  Generally 
speaking  the  urine  is  diminished  temporarily,  through  sweatings, 
diarrhoea,  and  other  watery  evacuations ;  and  as  a  rule  permanently, 
in  consequence  of  the  sick  taking  less  food  than  the  healthy,  and 
because  in  them  the  nutritive  powers  are  generally  enfeebled. 


section  cxii. 
Solid  Residue  and  Specific  Gravity  op  the  Urine. 
J.  Yogel.  Archiv  filr  gemeinschaftl.  Arbeiten,  vol.  i.  p.  119. 

1.  The  method  for  estimating  the  quantity  of  solid  residue  of  the 
urine,  as  well  of  its  water  and  other  constituents,  which  volatihse  at 
a  temperature  of  100°  C.  (212°  Fahr.)  has  been  already  described 
in  Section  lii.  The  processes,  however,  there  given  are  both 
tedious  and  difficult,  and  therefore  of  little  practical  utility.  They 
must,  nevertheless,  be  resorted  to  in  all  cases  in  which  an  accurate 
estimation  of  the  quantity  of  the  water  and  of  the  solid  residue 
is  required. 

Tor  the  purposes  of  the  physician,  who  only  requires  approxima- 
tive results,  these  processes  may  be  advantageously  passed  over ;  the 
solid  contents  of  the  urine  being  estimated  by  its  specific  gravity. 
The  method  for  taking  the  specific  gravity  of  the  urine  is  described  in 
Section  li.  The  urinometer,  with  the  glass  apparatus  belonging 
to  it,  is  the  most  convenient  instrument  for  the  purpose. 
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If  the  urine,,  independently  of  the  variations  of  its  watery  part, 
invariably  contained  the  same  relative  amount  of  constituents,  we 
should  be  able  from  its  specific  gravity  to  determine  accurately  its 
amount  of  solid  constituents,  just  as  we  determine  the  percentage 
of  alcohol  in  spirits,  or  the  strength  of  sulphuric  acid,  &c.  But 
this  unfortunately  is  not  the  case.  The  quantity  of  different  con- 
stituents of  the  urine  increases  and  diminishes  in  very  varying  pro- 
portions ;  consequently  we  cannot  obtain  accurate  results  as  to  the 
solid  constituents  of  the  urine  from  its  specific  gravity.  The  best 
formula  by  which  to  reckon  the  amount  of  solid  contents  of  the  urine 
from  its  specific  gravity  is  Trapp's.  It  consists  in  doubling  the  two 
last  figures  of  the  specific  gravity  which  is  obtained.  The  product 
gives  the  number  of  grammes  of  solid  constituents  in  1000  grammes. 
Thus  urine  of  a  specific  gravity  of  1*010  should  contain  in  1000 
grammes,  20  grammes  of  solid  constituents;  of  a  specific  gravity  of 
1'015,  30  grammes;  of  1*020,  40  grammes,  and  so  on. 

In  order  not  to  draw  erroneous  conclusions  as  to  the  amount 
of  solid  constituents  in  the  urine,  through  judging  by  its 
specific  gravity,  we  must  keep  in  mind  the  amount  of  error  to 
which  this  method  is  liable.  Numerous  experiments  made  by 
myself,    as   well    as    the   observations  of  others,    show,  that    by 

this  method  we  may  be  led  into  an  error  of  =-^  ^^  ^^^^  °^  7  ^  ^^^ 
that  in  the  case  of  the  sick,  especially  when  their  urine  has  a  high 
specific  gravity,  the  error  may  be  even  greater,  amounting  to  —  and 

even  to  ^  '    T^>  again,  the  urine  of  a  sick  person  yields,  on  three 

consecutive  days,  55,  50,  and  60  grammes  of  solid  constituents,  ac- 
cording to  Trapp's  formula,  we  should  not  be  justified  in  saying, 
that  on  the  day  when  the  formula  gave  60  grammes  he  passed  the 
largest  quantity  of  solid  constituents  in  the  urine,  nor  that  on  the 
day  when  it  gave  50  grammes  he  passed  the  smallest  quantity.  The 
difference  in  these  three  numbers  is  so  small,  that  it  may  be 
fairly  considered  as'  a  possible  error  of  observation.  In  cases  of 
this  kind,  in  order  to  arrive  at  any  positive  conclusion  as  to  the 
amount  of  solid  constituents  in  the  urine,  we  must  resort  to  some 
more  exact  method — to  evaporation,  for  example. 

On  the  other  hand,  if  we  find,  from  the  specific  gravity  of  the 
urine,  that  a  person,  who   has   been  accustomed  to    pass  a  daily 
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average  of  about  60  grammes  of  solid  constituents  in  it,  secretes  on  a 
certain  day  only  30  grammes,  we  are  justified  in  concluding  that 
lie  passed  on  that  day  a  much  less  quantity  of  solid  constituents  than 
ordinary ;  for  in  such  case  the  difference  is  too  great  to  be  accounted 
for  by  any  possible  error  of  observation.  Still,  however,  to  affirm, 
that  the  person  had  on  that  day  passed  only  half  the  usual  amount 
of  solid  constituents  in  his  urine,  would  be  rash  and  unwarrantable, 
for  by  direct  experiment  we  might  perhaps  find  28  or  36  grammes 
instead  of   30. 

As  the  estimation,  by  its  specific  gravity,  of  the  solid  constituents 
of  the  urine  gives  such  very  inexact  results,  it  seems  immaterial 
whether  we  make  use  of  Trapp^s  coefficient  2,  or  of  any  other — of 
Haser's,  for  instance,  2'33,  for  the  difference  between  these  two,  which 

only  amounts  to  ^  ,  would  still  fall  within  the  limits  of  un- 
avoidable errors  of  observation. 

"W.  Kaupp  {Archiv.  f.  jphysiolog,  Heilkunde,  1856,  part  4)  also 
found  Trapp^s  formula  correct.  The  recent  researches  of  Neubauer, 
however  (compare  p.  156,  and  p.  268),  tell  rather  in  favour  of 
Haser^s  formula.  The  coefficient  2,  by  its  simplicity,  and  by 
the  readiness  with  which  it  allows  the  calculation  to  be  made  men- 
tally, recommends  itself  to  us  in  the  estimations  and  calculations 
made  at  the  bedside  of  the  patient,  which  never  can  be  very  accurate 
In  cases  of  this  kind  differences  in  temperature  of  the  urine,  if  the; 
do  not  exceed  two  degrees,  may  be  disregarded. 

2.  What  practical  conclusions  can  the  physician  draw  from  a 
knowledge  of  the  quantity  of  solid  residue,  and  of  the  specific  gravity 
of  the  urine  ? 

Pirst  of  all,  from  the  specific  gravity  we  are  enabled  to  calculate 
the  weight  of  a  measured  quantity  of  urine.     The  calculation  i 
simple    enough:    1000    C.  C.    of  urine    of  sp.   gr.    1*024  weigli| 
1'024  grammes,  and  so  on. 

Then,  again,  the  specific  gravity  of  the  urine,  and  the  quantity  of 
solid  constituents  as  thereby  calculated,  or  as  ascertained  by  direct 
experiment,  often  give  us  important  indications  concerning  the 
quantitative  changes  going  on  in  the  nutrition  of  the  body,  and 
particularly  concerning  the  quantity  of  solid  parts  and  of  water, 
which  have  been  separated  through  the  urine  under  certain  condi- 
tions and  in  a  certain  time. 
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To  judge  of  these  conditions  it  is  absolutely  necessary  for  us  to 
have  an  exact  idea  of  the  natural  state  of  the  urine. 

The  mean  specific  gravity  of  the  normal  urine  is  in  the  adult  male 
about  1020.  From  this  we  may  calculate,  that  an  average  quantity 
of  from  55  to  60  grammes  of  solid  constituents  are  daily  passed 
with  the  urine,  the  average  daily  quantity  of  urine  being  from  about 
1400  to  1600  C.C. 

A  man  passes  on  an  average  4-1  grammes  of  solid  matters 
per  100  kilogrammes  of  weight;  and  1*5  grammes  per  hour  per 
100  centimetres  of  height. 

By  these  figures  we  are  enabled  to  recognise  and  judge  of  many 
abnormal  states  of  the  nutrition. 

The  daily  secretion  of  soKd  constituents  in  the  urine  appears  in 
most  acute  diseases  to  be  somewhat  less  than  in  health;  instead  of 
60,  it  reaching  only  to  40  or  50  grammes.  Sick  persons,  however, 
in  most  cases  only  take  fluids,  which  contain  few  solid  constituents, 
and  consequently  are  in  somewhat  the  same  position  as  starving  per- 
sons. The  separation  of  the  solid  constituents  of  the  urine  takes 
place  in  their  case  at  the  expense  of  the  body,  they  live  as  it  were 
upon  their  own  flesh,  and  so  grow  thin. 

The  estimation  of  the  amount  of  solid  constituents  of  the  urine 
is  of  especial  interest  in  aU  those  cases,  in  which  the  secretion  is 
much  increased  in  quantity — polyuria.  These  cases  may  be  divided 
into  two  well-marked  groups,  according  to  the  quantity  of  the  solid 
constituents  contained  in  the  urine  : 

1.  In  one  group,  the  over-abundant  urine  contains  an  abnormally 
large  amount  of  solid  constituents,  much  more,  in  fact,  than  is  intro- 
duced into  the  body  with  the  food.  Hence  arise  defect  in  nutri- 
tion, and  consequently  weakness  and  wasting  of  the  patient.  The 
cases  belonging  to  this  group  are  included  under  the  general  name 
of  diabetes.  They  may,  however,  be  subdivided  into  two  other 
minor  groups,  according  as  the  urine  either  contains  sugar  (diabetes 
melhtus),  or  is  free  from  sugar,  but  contains  a  large  amount  of 
other  solid  constituents  (diabetes  insipidus)  ; 

2.  In  the  other  group,  the  over-abundant  urine  is  of  low  specific 
gravity,  and  contains  comparatively  few  solid  constituents.  Water, 
which  can  be  readily  restored  to  it,  is  the  chief  constituent  separated 
from  the  body.  In  this  case  there  is  neither  wasting  of  the  body 
nor  hectic ;  but  on  the  contrary,  the  process  is  sometimes  beneficial, 
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the  separation  of  morbid  products  from  tlie  body  being  thereby 
favoured^  as  happens  in  many  cases  of  hydrsemia  and  dropsy.  This 
form  of  increase  of  the  urinary  secretion  (hydruria)  is  therefore 
totally  different  from  the  diabetic  form. 

Examples. — A  woman,  31  years  of  age,  who  had  long  suffere^ 
from  symptoms  of  ansemia  and  hysteria,  with  giddiness,  headach^ 
spasms  of  the  cervical  muscles,  hypersesthesia  of  several  of  the  verte- 
brae, pale  face,  &c.,  passed  an  exceedingly  large  amount  of  urine, 
the  daily  average,  as  calculated  from  fourteen  days'  observation, 
amounting  to  3,080  C.  C.  The  specific  gravity  of  the  urine  was  not 
much  less  than  natural,  but  the  amount  of  solid  constituents  in  it, 
according  to  calculation,  reached  an  average  of  87  grammes  daily, 
a  quantity  much  greater  than  normal.  The  maximum  quantity 
passed  in  24  hours  was  136  grammes,  which  is  more  than  double 
the  normal  quantity.  In  this  case,  which  was  one  of  true  diabetes 
insipidus,  the  increased  separation  of  solid  constituents  combined 
with  deficiency  of  nourishment,  was,  manifestly,  the  chief  cause  of 
the  symptoms.  She  soon  improved  in  health  under  a  generous  diet, 
with  steel,  and  other  tonics. 

A  man,  35  years  old,  of  Herculean  frame  of  body,  suffering  from 
rheumatism  of  the  neck,  passed  a  very  large  quantity  of  urine,  the 
daily  average  of  twenty-four  observations  being  2983  C.  C.  Its 
specific  gravity,  however,  was  very  low,  being  between  1*005  an^ 
1*012;  and  the  average  quantity  of  solid  constituents  less  thai 
normal,  amounting  only  to  42  grammes.  The  man  did  not  appes 
to  suffer  in  any  way  through  the  increased  secretion  of  urine,  an( 
his  case  was  evidently  one  of  simple  hydruria,  not  of  diabetes. 

Many  other  deductions  concerning  the  quantitative  relations  of 
the  nutritive  materials  of  the  body  in  disease  may  be  drawn  from 
the  specific  gravity  of  the  urine,  and  from  the  amount  of  its  solid 
constituents.  These  will  naturally  present  themselves  to  the  mindBI 
of  the  physician.  Thus,  for  instance,  the  relation  of  the  solid  con-^' 
stituents,  which  are  separated  with  the  urine,  may  be  compared  with 
the  quantity  of  matters  which  are  separated  through  the  skin  and 
the  lungs ;  and  when  the  quantity  of  solid  matters  taken  with  the 
food  is  measured  at  the  same  time,  we  obtain  the  relative  quantity 
of  materials  taken  into  the  body,  and  separated  from  it.  A  know- 
ledge of  all  these  facts  is  of  great  importance  in  reference  to  the 
nutritive  changes  going  on  in  disease ;  and  the  means  for  arriving  at 
them  are  of  a  kind  which  are  capable  of  being  readily  introduced 
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into  every  clinique.  So  little,  however,  has  as  yet  been  done  in  this 
field  of  observation,  that  no  positive  conclusions  have  been  at  pre- 
sent arrived  at  in  relation  to  them. 

The  specific  gravity  of  the  urine,  also,  gives  the  physician  indica- 
tions, which  though  of  themselves  not  sufficient  to  lead  to  any  dis- 
tinct conclusions  in  diagnosis,  prognosis,  or  treatment,  are  never- 
theless of  service  in  leading  to  further  investigations.  The  following 
considerations  may  be  placed  under  this  head : — 

Urea  is  the  chief  solid  constituent  of  the  urine.  It  generally 
equals  in  quantity  all  the  other  solid  constituents  of  the  urine  to- 
gether, and  sometimes  exceeds  them.  Consequently,  the  specific 
gravity  of  the  urine  may  serve  to  point  out  approximatively  the 
quantity  of  urea  in  it.  Such  a  mode  of  determining  the  quantity  of 
urea  is,  however,  very  uncertain,  and  will  never  replace  the  direct 
method  of  estimating  it,  which  is  readily  performed. 

When  the  quantity  of  the  urine  is  much  less  than  normal,  and  its 
specific  gravity  is  high,  we  may  usually  conclude,  in  the  case  of 
healthy  people,  that  its  condition  has  been  caused  by  abstinence 
from  drink,  or  by  increased  perspiration,  and  in  the  case  of  the  sick 
by  acute  disease.  When  the  urine  is  much  greater  than  normal 
and  of  low  specific  gravity,  we  may  conclude  that  a  large  quantity  of 
watery  fluid  has  been  taken.  In  the  sick,  who  are  suffering  from 
hydrsemia  or  dropsy,  urine  of  this  kind  is  a  favourable  sign,  and 
shows  that  the  system  is  making  an  effort  to  get  rid  of  the  super- 
abundant water  collected  in  the  blood  or  in  the  tissues. 

If  urine  is  passed  in  large  quantities,  and  has  a  high  or  even  its 
ordinary  specific  gravity,  we  must  test  it  for  sugar :  if  there  be  no 
sugar  in  it,  the  case  is  one  of  diabetes  insipidus. 

If  the  quantity  of  urine  is  not  increased,  or  if  it  is  diminished, 
and  yet  its  specific  gravity  is  low,  we  may  suspect  the  existence  of 
an  impediment  to  the  secretion  of  urea,  and  in  such  a  case  must  fear 
the  occurrences  of  those  symptoms  which  result  from  the  retention 
of  urea  in  the  body  (ursemia). 

The  solid  residue  of  the  urine  is  diminished  in  most  chronic 
diseases,  excepting  diabetes.  An  increase  of  the  residue  indicates  a 
more  active  condition  of  nutrition,  and  is  therefore  a  favourable  sign. 

On  the  other  hand,  an  increase  of  the  solid  constituents  of  the 
urine  in  acute  diseases,  when  at  their  height,  is  an  unfavourable 
sign,  because  the  inanition  which  always  accompanies  such  cases  is 
thereby  increased  and  favoured. 
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The  specific  gravity  of  the  urine,  as  a  rule,  in  acute  febrile  diseases 
stands  in  a  ratio  inverse  to  that  of  its  quantity.  The  specific  gravity, 
in  fact,  increases  during  the  acuteness  of  the  attack,  in  proportion 
as  the  quantity  of  the  urine  diminishes ;  it  falls  with  the  increase  of 
the  urine,  and  during  convalescence  often  sinks  below  the  normal. 
We  must,  however,  be  cautious  in  founding  any  differential  diagnosis 
upon  mere  observation  of  the  specific  gravity  of  the  urine  in  diseases 
which  in  other  respects  present  a  similar  train  of  symptoms. 

Thus,  in  typhus,  it  has  been  stated  that  the  specific  gravity  of  the 
urine  increases  much  less  than  in  other  acute,  and  especially  inflam- 
matory diseases ;  and  that,  in  fact,  in  the  essentially  typhous  period 
of  the  disease  the  specific  gravity  was  only  1'017,  whilst  in  acute 
affections  of  the  brain,  in  meningitis,  from  the  beginning  to  the  end, 
it  was  as  high  as  from  1'028  to  1*035.  Hence  this  difference  in 
specific  gravity  has  been  used  as  a  means  of  diagnosis  in  those  cases 
occasionally  met  with,  in  which  it  is  difficult  to  distinguish  between 
typhus  and  such  affections  of  the  brain. — (A  Ziegler,  Uroscopy  at 
the  Bedside  of  the  Patient,  Erlangen,  1861,  p.  8.) 

The  idea  of  our  being  able  to  distinguish  diseases  by  one  single 
phenomenon,  and  one  which  in  comparison  with  the  other  symptoms 
appears  very  unimportant,  we  must  ascribe  to  the  now  happily  admitted 
ontological  method  of  comprehending  diseases.  By  this  method  of 
division  and  classification  of  diseased  processes,  just  as  in  the  division 
of  animals  and  plants  in  genera  and  species,  the  external  appearances 
alone,  with  their  thousand  accidents  are  seized  upon,  instead  of 
the  essential  character  of  the  phenomena,  their  causes,  and  connections, 
and  dependance  being  kept  in  view.  Conclusions  of  such  a  kind 
cannot  be  rightly  deduced  from  one  single  symptom  of  disease, 
unless  its  existence  in  such  disease  has  been  confirmed  by  numerous 
observations,  and  unless  the  cause  of  the  symptom  and  its 
indication  have  been  in  some  degree  explained,  and  its  necessary 
relation  with  the  existing  disease  demonstrated. 

In  the  case  before  us,  there  is  not  only  wanting  a  satisfactory 
explanation  of  the  diminution  of  the  specific  gravity  of  the  urine  in 
typhus,  but  the  very  fact  itself  may  be  doubted  as  being  true  in  all 
cases.  I  can  only  speak  of  it  as  true  in  some  solitary  instances.  At 
least,  in  numerous  observations  which  I  have  made  of  the  urine  in 
typhus,  in  cases  where  there  was  a  high  degree  of  fever  and  a  certain 
degree  of  reaction  present,  I  found  at  the  acme  of  the  disease,  that 
the  specific  gravity  of  the  urine  was  high,  as  the  following  cases  show  : 
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(The  figures  in  all  cases  indicate  the  specific  gravity  of  the  whole 
quantity  of  the  urine  passed  in  24  hours  during  the  height  of  the 
disease.  The  frequent  blanks  which  appear,  result  from  the  circum- 
stance that  it  was  not  always  possible  to  collect  the  whole  of  the 
patients'  urine  free  from  fseces,  on  account  of  its  being  often  passed 
involuntarily  with  the  faeces,  a  circumstance  which  frequently  renders 
an  exact  quantitative  analysis  of  the  urine  in  typhus  very  difficult, 
and  indeed  almost  impossible;) 

Case  L— 3rd  day,  1-019 —1-029 —I'OSl —1-026 —1'024 — 
2  days  omitted— 1-019  —1-021—  1-016.  Sul  sidence  of  the  fever. 
Convalescence. 

Case  2.-4th  day,  1-028—1-029  —1-027—1  day  omitted  -1-028 
— 1-027.     Death. 

Case  3.— 2nd  week,  1-019 —1-020  — 1-018— 1-020— 1-022 — 
1-026.     Slow  convalescence. 

The  specific  gravity  of  the  urine  in  typhus,  as  in  other  acute 
diseases,  falls  as  the  fever  departs  and  convalescence  arrives. 

On  the  other  hand,  I  must  admit,  that  there  are  cases  of  typhus 
in  which  the  specific  gravity  of  the  urine  even  during  the  height  of 
the  disease  is  low,  and  even  less  than  normal.  The  following  are 
examples  of  this  :— 

Case  1.—1-008— 1-014— 1-017- 2  days  omitted —1-017 — 
1-027  —1-015—1-014  —1-015  —1-014  —1-012.     Death. 

Case  2.— 1st  week,  1-018  to  1*020.  2nd  week,  1-012  to  1-015. 
Then  convalescence. 

Case  3.— 1-021  —1-020  —  1-015  —1-014  — I'OIO  —1-006  — 
1-010  -1-012  —1-013  -1-015  —1-011.     Convalescence. 

In  all  these  cases  the  fever,  from  the  beginning,  had  a  distinctly 
marked  adynamic  character,  and  the  general  condition  of  the  patients, 
especially  the  weak  and  distinctly  double-pulse,  afforded  much  more 
trustworthy  signs  whereby  to  distinguish  the  case  from  one  of 
inflammatory  affection  of  the  brain,  and  its  membranes,  than  the 
specific  gravity  of  the  urine,  which,  moreover,  I  have  not  always 
found  so  remarkably  high  in  meningitis  as  Ziegler  states  it  to  be. 
Besides  this,  diminution  of  the  specific  gravity  of  the  urine  occurs 
in  other  forms  of  fever,  as  well  as  in  typhus,  when  they  assume  a 
well-marked  adynamic  type,  as  in  pysemia,  putrid  fevers,  &c. 
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section  cxiii. 
Quantity  of  the  Pigment-Matter  of  the  Uuine. 
J.  Yogel,  Archiv  fiir  gemeinschaftl,  Arheiten,  vol.  i.  p.  137.  ]■ 

The  colour  of  the  urine  and  its  pigment  matters  have  been  already 
spoken  of  on  different  occasions.  (Sections  ix.  and  liv.)  It  is  very 
difficult,  indeed  almost  impossible,  to  obtain  an  accurate  estimation 
of  the  quantity  of  pigment-matter  in  the  urine,  such  as  we  are  ac- 
customed to  expect  at  the  present  day  from  quantitative  chemical 
analysis.  I  have,  therefore,  proposed  a  method,  which  is  much  more 
simple  and  easy,  for  estimating  the  colouring-matter,  and  which  may 
be  practised  by  the  physician.  This  method,  it  is  true,  gives  only 
approximative  results,  but  it  affords  us  interesting  and  valuable 
conclusions,  which  may  be  'applied  in  diagnosis,  prognosis,  and 
treatment. 

This  method,  and  the  mode  of  employing  it,  has  already  been 
described  in  Section  liv.  ;  by  means  of  the  gradations  of  colours 
given  in  the  Table  lY.,  anyone  can  make  use  of  it. 

As  objections  of  different  kinds  have  been  made  to  this  method, 
I  will  here  shortly  answer  them  : — 

First  of  all,  it  has  been  objected,  that  the  colour  of  the  urine  does 
not  depend  upon  any  one  single  body,  but  upon  several  different 
pigment-matters.  This  is  true  enough,  and  has  been  already  ad-'B 
mitted.  (Section  lxxxiv).  But  the  abnormal  colours  of  the  urine, 
whether  accidental,  as  when  caused  by  rhubarb,  senna,  &c.,  or 
whether  depending  upon  bile-pigment,  uroxanthine,  uroglau- 
cine,  urrhodine  and  uroerythine,  are  comparatively  rare,  and,  when 
present,  may  be  readily  recognised.  In  all  such  cases  it  would, 
doubtless,  be  a  mistake  to  make  use  of  the  table  of  colours  for  the 
quantitative  estimation  of  the  pigment-matter.  No  fair  exception, 
however,  can  be  taken  to  the  method  because  it  is  not  applicable  in 
such  exceptional  cases;  it  very  rarely  indeed  happens,  in  any  quan- 
titative chemical  investigation,  that  a  method  is  applicable  in  every 
possible  case.  In  by  far  the  greater  number  of  cases  the  urine, 
especially  when  filtered,  contains  either  none,  or  only  a  very  small 
quantity,  of  such  abnormal  colouring-matters ;  being  in  most  cases 
coloured  chiefly  by  the  ordinary  colouring-matter.  Heller's  urophseine. 

Moreover,  it  has  been  objected,  that  the  shades  of  colour  given  in 
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the  table  of  colours  do  not  run  in  a  regular  series,  and  that  through 
dilution  of  brown  or  of  very  high-coloured  urine,  for  instance,  we 
should  not  obtain  exactly  the  same  shades  of  colour  as  pale  urine  yields; 
and  consequently,  that  the  statement,  that  red  urine  contains  32 
times  more,  and  brownish-red  urine  64  times  more  colouring-matter, 
than  pale  yellow,  is  not  sufficiently  accurate.  I  am  quite  willing  to 
admit,  that  the  colouring-matter  of  the  urine  is  not  invariably  the 
same  under  all  circumstances,  but  that  it  may  present  modifications, 
which  exercise  an  influence  both  over  its  colouring  power,  and  over 
the  particular  shade  of  colour  produced  by  it ;  but  this  is  no  reason 
why  we  should  not  use  the  colour  of  the  urine  for  the  approximative 
estimation  of  its  pigment-matter,  taking  care  not  to  fix  the  limits  of 
possible  errors  too  low, . 

Hitherto,  notwithstanding  the  praiseworthy  labours  of  Scherer  and 
Harley,  we  have  not  been  able  to  obtain  the  colouring-matter  of  the 
urine  in  a  pure  state,  and  consequently  the  fixing  of  the  limits  of 
error  in  this  case  is  completely  arbitrary.  I  believe,  however,  that 
I  am  rather  above  than  below  the  mark,  if  I  assume^  that  the  possi- 
ble error  may  exceed  by  J  or  even  J  the  number  found.  Yaria- 
tions,  therefore,  which  exceed  these,  indicate  with  certainty  a 
difference  in  the  amount  of  colouring-matter  in  two  kinds  of  urine 
when  compared  together;  whilst  other  variations,  which  are  less 
than  these,  may  be  considered  as  of  no  value. 

If,  for  example,  the  quantity  of  pigment-matter>  which  a  healthy 
person  passes  in  24  hours,  amounts  to  4,  and  we  find  that  a  sick 
person  passes  from  16  to  20,  we  may  be  sure  that  there  is  a  con- 
siderable increase  of  the  pigment-matter  in  this  case,  to  the  extent 
of  at  least  2  or  3  times  the  normal  amount.  So,  also,  we  may  be 
sure  that  the  quantity  is  abnormally  diminished,  if  the  calculation 
only  gives  1.  But  if  the  quantity  is  found  to  amount  to  3*5  or  4*5, 
we  cannot  conclude  with  any  certainty  either  as  to  its  increase  or 
diminution. 

Por  these  reasons  I  consider  I  am  right  in  maintaining,  that 
useful  information  may  be  obtained  from  this  method,  provided  it  be 
cautiously  applied ;  and  that,  if  the  hypothesis  here  used  as  a  ground 
of  explanation  of  its  signification  be  correct,  it  may  yield  im- 
portant explanations  of  the  nutritive  processes — of  the  destruction  of 
the  blood-corpuscles — explanations  of  still  greater  value,  because  the 
means  which  the  physician  possesses,  of  forming  an  opinion  as  to  the 
extent  of  this  part  of  the  nutritive  function  in  the  sick,  is  very  limited. 
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The  indication  afforded  by  an  increase  or  a  diminution  of  the  pig- 
ment-matter of  the  urine  may  be  derived  from  the  following 
considerations,  which  are  indeed  in  part  only  hypothetical,  but 
still,  very  probably,  correct. 

There  are  many  grounds  for  believing,  that  a  portion  of  the  blood- 
corpuscles  undergo  a  retrograde  metamorphosis  in  the  living  body, 
and  are  dissolved  ;  and  that  their  colouring-matter,  hcematine,  is 
thereby  changed,  and  at  last  separated  from  the  body  in  the  form  of 
the  pigment-matters  of  the  urine  and  bile.  Consequently,  we  may 
obtain  from  the  amount  of  these  matters  taken  together,  a  sort  of 
measure  of  the  degree  of  decomposition  of  the  blood-corpuscles,  which 
is  going  on.  Useful  hints  and  conclusions  respecting  the  diagnosis, 
prognosis,  and  treatment  of  many  diseases  may  be  gained  in  this  way. 

We  are  not  yet  able  to  determine  what  amount  of  blood-cor- 
puscles, or  hsematine,  corresponds  with  a  given  quantity  of  urine- 
pigment  ;  although  I  have  often  compared  the  colouring  power  of  a 
known  quantity  of  urine-pigment,  as  pure  as  possible, — and  for 
which  I  have  to  thank  Dr.  Harley, — with  that  of  a  known  quantity 
of  blood- corpuscles.  We  know  too  little  at  present  of  the  changes 
which  the  hsematine  undergoes  before  it  is  converted  into  urine- 
pigment.  Eor  this  reason  I  have  proposed  as  a  standard  for  ascer- 
taining the  quantity  of  urine-pigment,  to  fix  at  1  the  quantity  of 
urine-pigment  contained  in  1000  C.  C.  of  pale-yellow  urine,  instead 
of  attempting  to  measure  the  absolute  quantity  of  urine-pigment  by 
weighing,  or  by  comparing  it  with  the  colour  of  a  known  quantity 
of  blood-corpuscles — such  means  of  estimating  the  pigment  being 
difiicult. 

The  following  are  the  arguments  upon  which  the  above  hypo- 
thesis :  viz.,  that  the  urine-pigment  and  bile-pigment  are  modifica- 
tions of  the  colouring-matter  of  the  blood,  is  founded : — 

Blood-colouring  matter  is  destroyed  with  difficulty.  Extravasa- 
tions of  blood  in  the  body,  as  well  as  blood  that  has  been  subjected 
to  various  influences  out  of  the  body,  retain  their  colour  with  great 
tenacity,  or  only  undergo  shght  modifications  of  colour.  Conse- 
quently, it  is  not  probable  that  the  colouring-matter  of  blood,  which 
has  been  used,  and  become  useless  for  the  purposes  of  life,  passes  out 
of  the  body  as  a  colourless  compound ;  but,  on  the  contrary,  there 
can  be  no  doubt  that  it  still  retains  some  of  its  colour  when 
excreted.  As,  moreover,  the  only  coloured  excretions  of  the  body 
are    the    urine    and    faeces;    we    must    consider    the    urine-pig- 
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ment,  or  the  bile-pigment  (as  modified  in  the  faeces),  or  both  of 
them,  as  formed  of  the  used-up  colouring-matter  of  the  blood.  For 
such  reasons,  many  excellent  observers,  Scherer,  Polli,  Yirchow, 
and  Harley,  have  concluded  that  the  bile-pigment,  and  the  urine- 
pigment,  or  both  of  them,  are,  in  part,  educts  of  the  hsematine. 
Harley,  moreover,  has  lately  shown  that  the  very  pure  urine-pigment 
prepared  by  him  closely  resembles,  in  many  respects,  the  colouring- 
matter  of  the  blood. 

The  quantity  of  urine-pigment  normally  passed  by  a  grown-up 
person,  amounts,  in  24  hours,  to  from  3  to  6,  or,  on  an  average, 
to  about  4*8  or  0*2  per  hour — 1,  as  above  mentioned,  being 
taken  as  the  standard."^ 

By  means  of  this  standard  we  judge  of  the  quantity  of  pig- 
ment in  the  urine  in  a  case  of  disease,  whether  it  be  normal  or  in- 
creased, or  diminished. 

The  quantity  of  urine  pigment  is  considerably  increased  in  all 
acute  febrile  diseases,  although  the  urine  itself  is  diminished;  in 
such  cases  it  reaches  16,  20,  and  even  more.  The  increase  is  still 
greater  in  fevers,  during  whose  progress  the  blood  undergoes  disso- 
lution (typhus,  septic  fevers). 

We  notice,  indeed,  as  a  general  consequence  of  these  diseases,  a 
diminution  of  the  blood-corpuscles,  and  a  more  or  less  well-marked 
anaemic  (oligocythsemic)  condition  of  the  body. 

Examples. — The  quantity  of  urine-pigment  in  a  large  number  of 
cases  of  pneumonia  varied  between  16  and  24  during  the  height  of 
the  fever.  In  a  case  of  acute  rheumatism,  when  the  disease  was  at 
its  height,  it  reached  from  30  to  32 ;  in  a  man  suffering  from 
typhus,  during  several  days,  to  between  80  and  100 ;  in  a  man, 
who  had  inhaled  arseniuretted  hydrogen,  to  between  600  and  800  ! 
In  the  last  case,  however,  the  matter  which  coloured  the  urine 
differed  from  the  ordinary  urine-pigment,  being  nearly  pure  hsema- 
tine  ;  and  hence  the  quantitative  analysis  of  the  colouring-matter, 
as  measured  by  the  depth  of  colour  of  the  urine,  can  only  be  con- 
sidered as  approximative; — the  difference,  however,  between  the 
quantity  found  in  these  cases  and  in  normal  conditions  is  so  great, 
that  any  possible  error  of  J,  or  even  of  \,  need  not  be  taken  into 
consideration  here. 

*  My  observations  show,  that  the  quantity  of  colouring-matter  passed 
with  the  urine  varies  greatly.  I  found,  during  the  24  hours,  8  to  30  parts 
of  colouring-matter  according  to  the  above  scale. 
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On  the  other  hand,  the  quantity  of  nrine -pigment  is  decidedly 
less  than  normal  in  many  cases  of  disease :  in  those  cases,  for  in- 
stance, in  which  there  is  a  diminished  formation  of  blood-corpuscles, 
as  in  chlorosis  and  ansemia ;  in  convalescence  from  severe  diseases ; 
in  hysteria  and  nervous  diseases,  &c.  In  cases  of  this  kind,  the 
condition  of  the  urine  often  serves  as  an  aid  to  diagnosis  and  treat- 
ment,— the  use  of  tonics,  and  especially  of  iron,  being  indicated. 

Examples. — The  daily  quantity  of  urine-pigment  in  chlorotic 
persons  was  frequently  found  under  1 ;  and  in  convalescence,  after 
severe  diseases,  for  a  long  time  often  not  more  than  from 
1  to  2,  &c. 


SECTION    CXIV. 


Quantitative   Alterations   of   the    Ueine,  requiring    com- 
plicated Chemical  Operations  por  their  Demonstration. 

The  quantitative  alterations  of  the  urine  considered  in  the  fore- 
going Sections  are  very  easily  made  out.  Their  estimation,  in  fact, 
requires  but  little  practice,  special  knowledge,  and  apparatus;  so 
that  the  physician  may  himself  undertake  the  investigation  in  all 
cases  of  disease  in  which  the  determination  of  these  changes  is  a  ■ 
matter  of  importance. 

The  quantitative  alterations  in  the  composition  of  the  urine  now 
to  be  spoken  of  have,  ;on  the  other  hand,  been  hitherto  much  more 
difficult  of  determination.  They  required,  as  a  rule,  more  time 
than  the  physician  could  give  to  them,  besides  special  chemical 
knowledge,  and  a  certain  amount  of  practice  in  quantitative  che- 
mical analysis ;  and,  moreover,  some  of  these  processes  could  not  be 
carried  out  correctly  except  in  a  well-furnished  laboratory.  Conse- 
quently, analyses  of  this  kind  have  hitherto  been  undertaken  almost 
solely  by  chemists  for  the  solution  of  physiological  questions,  and 
rarely  ever  employed  for  practical  purposes  by  the  physician.  In- 
vestigations of  this  kind  have  not,  generally  speaking,  been  regarded 
as  necessary,  or  as  capable  of  yielding  any  important  information 
concerning  the  nature,  &c.,  of  diseases ;  but  have  been  looked  upon 
rather  as  superfluous  and  useless. 
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Under  these  circumstances,  it  was  useless  to  expect  that  physi- 
cians would  undertake  such  investigations ;  though  some  few,  it  is 
true,  have  entered  on  the  task,  partly  from  love'  of  science,  and 
partly  because  they  thought  thereby  to  render  important  services  to 
their  patients. 

Happily,  however,  this  state  of  things  now  no  longer  exists.  In 
consequence  of  the  extensive  application  of  chemistry  to  the  arts 
and  manufactures,  new  methods  have  been  discovered  whereby 
quantitative  chemical  analyses  have  been  much  simplified.  These 
methods,  and  especially  volumetrical  analysis,  are  peculiarly  adapted 
for  the  purposes  of  the  physician,  and  particularly  for  the  quanti- 
tative investigation  of  the  urine.  This  simplified  method  of  analysis 
may  be  accepted  as  perfectly  accurate  in  respect  to  several  consti- 
tuents of  the  urine;  and  we  may  expect  that  it  will  also  soon 
become  so  in  all  the  others. 

Most  of  the  quantitative  analyses  of  the  urine,  which  a  few  years 
ago  were  difficult  of  performance,  have  in  this  way  been  so  sim- 
plified, that  any  properly  educated  physician  may  readily  undertake 
them.  Loss  of  time  in  their  performance,  moreover,  forms  no 
excuse  for  the  physician,  in  cases  in  which  the  investigation  is  re- 
quired, for  a  chemist  may  always  be  found  ready,  for  a  moderate  con- 
sideration, to  undertake  the  simplified  analysis ;  and,  if  necessary, 
any  intelligent  attendant,  or  servant,  provided  he  be  careful,  may,  as 
I  know  from  experience,  be  taught  enough  for  the  purpose  in  a  very 
short  time. 

The  chief  point  for  the  consideration  of  the  physician  who  un- 
dertakes such  analyses  is,  that  he  should  always  clearly  understand 
the  object  which  he  has  in  view.  If  he  is  not  clear  upon  this  point, 
he  had  better  not  undertake  the  investigation,  for  in  such  case  the 
analysis  is  generally  useless,  and  very  often,  indeed,  productive  of 
mischief.  My  chief  object  in  the  following  sections  will  be  to  in- 
struct the  physician  upon  these  points  as  far  as  it  is  possible  to  do 
so  at  the  present  moment. 

I  must,  however,  first  premise  certain  general  rules  for  the 
special  investigation  of  the  single  constituents  of  the  urine.  These 
rules  are  given  in  the  following  Section. 
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section  cxv. 
General  Eules  for  Quantitative  Analysis  op  the  Urine. 

1.  Hitherto  observers  have  generally  made  use  of  an  indefinite 
quantity  of  urine  in  quantitative  analysis,  and  were  satisfied  when 
they  had  ascertained  how  much  urea,  uric  acid,  chloride  of 
sodium,  &c.,  &c.,  was  contained  in  1000  parts  of  it.  But 
such  an  analysis,  in  reality,  only  gives  us  the  relation  in  quantity 
in  which  each  constituent  of  the  urine  stands  to  its  other  consti- 
tuents. It  is  therefore  rarely  of  much  service  to  the  physician. 
And  if,  indeed,  this  kind  of  analysis  be  employed  in  the  case  of  any 
one  single  constituent  of  the  urine,  so  as  to  point  out,  for  instance, 
how  much  urea,  or  uric  acid,  &c.,  is  contained  in  1000  parts  of 
urine,  the  information  which  it  gives  is  almost  wholly  useless. 

Quantitative  analysis  of  the  urine  gives  us  no  measure  of  the 
amount  of  metamorphoses  going  on  in  the  body,  unless,  together 
with  the  relative  quantities  of  its  different  constituents,  the  time  is 
given  in  which  they  were  secreted.  We  must  not  only  learn  how 
much  urea,  uric  acid,  &c.,  is  contained  in  1000  parts  of  urine,  but 
also  what  quantity  of  them  is  evacuated  in  a  given  time — in 
24  hours,  in  one  hour,  &c.  Hence  the  first  consideration  in  the 
quantitative  analysis  of  the  urine  is  to  determine  the  time  in  which 
the  urine  is  passed.  This  point  is  easily  determined  in  certain 
patients.  The  urine  may  be  collected  during  a  whole  day  (24 
hours),  and  in  this  way  an  error  of  scarcely  a  quarter  of  an 
hour  can  occur ;  or  the  patient  may  be  instructed  to  note  carefuEy 
any  shorter  period  during  which  it  was  evacuated. 

If,  for  example,  the  patient  passed  his  urine,  which  was  not  col- 
lected, at  eight  o^ clock,  and  at  ten  o^ clock  passed  another  quan- 
tity, which  was  measured  and  subjected  to  analysis,  we  are  sure  that 
the  whole  of  the  different  constituents  of  the  urine  thus  obtained, 
were  passed  during  those  two  hours ;  and  from  this  we  may  readily 
reckon  how  much  urea,  uric  acid,  chloride  of  sodium,  &c.,  was 
passed  in  one  hour,  or  in  any  part  of  an  hour. 

The  determination  of  the  quant,ity  of  the  urine  and  of  the  time  in 
which  it  is  passed,  thus  forms  the  basis  of  all  quantitative  analyses  of 
the  urine.  The  greatest  care  and  attention,  in  fact,  should  be  paid 
to  these  fundamental  facts,  for  if  they  are  incorrectly  stated,  the 
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trouble  and  cost  of  the  analysis  are  completely  thrown  away.  In 
some  cases,  especially  in  the  sick,  the  determination  of  the  quantity  of 
urine  passed  in  a  given  time  is  often  difficult ;  sometimes  the'  time  is 
not  accurately  kept ;  more  frequently  a  certain  quantity  of  the  urine 
is  lost  with  the  motions  or  passed  involuntarily ;  and  frequently  it  is 
carelessly  thrown  away  or  mixed  with  the  other  matters  by  the 
nurses  during  the  absence  of  the  physician.  He  must,  therefore,  be 
prepared  for  and  guard  against  these  different  sources  of  error, 
and  in  those  cases  where  he  feels  that  he  is  not  safe  from  error,  he 
had  better  refrain  altogether  from  making  an  analysis,  than  run  the 
risk  of  working  out  erroneous  conclusions  by  starting  upon  false 
premisses. 

2.  Moreover,  it  is  very  important  that  the  physician  should  learn 
the  amount  of  possible  error  attaching  to  the  different  methods 
which  he  makes  use  of,  and  always  bear  it  in  mind,  when  working 
out  his  conclusions. 

I  will  point  out  these  errors,  as  far  as  it  is  possible  to  do  so,  in 
each  particular  case ;  and  will  also  make  a  few  general  preliminary 
remarks  on  the  subject. 

The  amount  of  error  attaching  to  any  analytical  method,  that  is  to 
say,  the  difference  between  the  result  obtained  and  the  absolute  fact, 
depends  upon  two  circumstances :  1 .  Upon  the  degree  of  correct- 
ness of  the  method  itself;  and  2.  Upon  the  skill  and  care  of  the 
analyst,  the  goodness  of  his  apparatus,  the  purity  of  his  tests,  &c. 
The  degree  of  incorrectness  of  any  method,  though  unavoidable,  may 
be  pretty  accurately  determined,  and  the  value,  indeed,  of  any 
method  depends  ^upon  its  degree  of  accuracy.  The  second  fact  is 
variable ;  when  the  analysis  is  badly  performed  the  error  is  great, 
and  vice  versa  in  a  good  analysis  it  is  exceedingly  small. 

We  cannot  expect  that  every  physician  who  performs  a  quantitative 
analysis  should  be  an  expert  analyser ;  but  it  is  quite  necessary  that 
he  should  know  what  degree  of  trust  may  be  placed  in  his  analysis. 
And  this  anyone  may  readily  find  out,  by  repeating  several  times 
the  quantitative  analysis  of  one  particular  constituent  of  the  urine 
with  the  same  materials,  and  using  the  same  method.  The  greater 
or  less  concordance  offered  by  the  results  of  the  different  analyses  at 
once  enable  us  to  judge  both  as  to  the  correctness  of  the  method 
and  the  skill  of  the  analyst ;  we  learn  how  far  we  may  trust  the 
figures  obtained  by  him,  and  the  value  of  tlie  conclusions  which  are 
deduced  from  them.     If  in  this  way,  mid  by  repeated  experiment. 
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we  have  once  determined  the  amount  of  error  attaching  to  any  ana- 
lysis, we  may,  in  cases  in  which  great  accuracy  is  not  required,  be 
contented  with  a  single  analysis.  But  in  all  quantitative  analyses, 
where  great  accuracy  is  required,  and  where  the  materials  suffice  for 
a  repetition  of  the  analysis,  a  second  analysis  to  control  the  first  is 
always  advisable,  and  if  the  results  differ  much,  even  a  third ;  the 
mean  sum  of  the  three  analyses  being  then  taken  as  the  result. 

We  frequently  meet  with  cases  Avhere  great  accuracy  is  not  re- 
quired in  the  determination  of  the  constituents  of  the  urine :  where,  in 
fact,  all  we  wish  to  know  is,  whether  the  urine  contains  more  or  less 
than  a  certain  amount  of  one  particular  constituent.  Tor  example, 
a  healthy  man  passes  with  his  urine  about  10  or  13  grammes  of 
chloride  of  sodium  in  24  hours ;  but  in  most  acute  diseases,  when  at 
their  height,  the  amount  of  chloride  of  sodium  thus  discharged  from 
the  body  is  reduced  to  a  minimum  quantity.  If,  therefore,  by  an 
approximative  method  of  analysis  (which  will  be  presently  described) 
we  find  that  less  than  one  gramme  of  chloride  of  sodium  is  separated 
with  the  urine  of  a  patient  in  24  hours,  we  may  safely  conclude  that 
a  great  diminution  of  the  normal  amount  of  the  chloride  of  sodium 
in  the  urine  has  taken  place.  In  most  cases  this  information  is 
sufficient  for  the  purposes  of  the  physician.  He  does  not  require  to 
know  the  exact  amount  of  chloride,  whether  it  is  0*1,  or  0*5,  or 
0*8  gramme. 

Again,  if  we  find,  by  a  simple  experiment,  that  a  person  passes 
more  than  0*400  gramme  of  sulphuric  acid  with  the  urine  in  one 
hour,  we  have  ascertained  enough  to  satisfy  us  that  the  amount  of 
sulphuric  acid  excreted  is  at  least  four  times  larger  than  natural. 

Approximative  calculations  of  this  kind  may  be  varied  according 
to  circumstances,  and  are  of  great  service  to  the  physician.  They 
may  be  rapidly  performed — in  two  or  three  minutes — whilst  an 
exact  estimation  would  require  thirty  or  forty  minutes  for  its  com- 
pletion. We  must  not,  however,  deduce  from  them  any  other  con- 
clusions than  those  which  are  warranted  by  the  results  obtained. 

It  appears  from  this  that  we  may  carry  out  the  quantitative  ana- 
lysis of  the  urine  in  very  different  ways,  according  to  the  object 
which  we  have  in  view.  A  physician,  who  understands  well  what  he 
is  about,  may,  in  certain  cases,  derive  conclusions  by  means  of  an 
approximative  quantitative  analysis,  rapidly  performed  in  a  couple  of 
minutes,  which  are  of  more  value  to  him  than  the  results  obtained 
through  a  careful  analysis  conducted  by  a  highly  skilled  chemist. 
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The  chemist  may,  in  fact,  have  spent  many  days  over  the  operation, 
and  yet  his  labours  be  of  no  service  to  the  physician,  the  particular 
point  required  by  the  latter  having  been  overlooked  by  the  chemist. 
This  shows  how  important  it  is  to  keep  clearly  in  view  the  object 
aimed  at. 

3.  The  indication  afforded  by  the  increase  or  diminution  of  any 
particular  constituent  of  the  urine  must  be  considered  separately 
under  the  head  of  each  constituent;  I  may,  however,  premise  a  few 
general  remarks,  which  refer  equally  to  several  of  its  constituents. 

The  constituents  of  the  urine  may  be  divided  into  two  large  classes, 
in  accordance  with  their  origin. 

Those  belonging  to  the  first  class  are  formed  in  the  body,  and 
are  in  fact  products  of  the  operations  going  on  in  the  body.  Urea 
and  uric  acid,  compounds  wdiich  are  very  rarely  taken  into  the 
body  as  ingesta,  are  both  of  this  class.  A  diminished  quantity  of 
these  bodies  in  the  urine  shows,  that  they  have  either  been  produced 
in  less  quantity  than  normal,  or  that  they  have  been  retained  and 
have  accumulated  in  the  body.  Perhaps,  in  some  rare  instances,  they 
may  be  evacuated  in  an  abnormal  way,  or  may  undergo  partial  decom- 
position and  conversion  within  the  body.  On  the  other  hand,  their 
increased  secretion  shows  that  they  are  either  produced  in  abnormal 
quantities,  or  that  they  have  been  accumulated  in  the  body,  and 
then  all  at  once  evacuated  with  the  urine. 

Most  of  the  constituents  of  the  urine  are  comprised  in  the  second 
class.  They  are  either  partially  produced  in  the  body  or  formed  out 
of  other  compounds  by  chemical  decomposition.  Some  of  them 
merely  pass  through  the  body.  The  amount  of  them,  which  is 
separated  wdth  the  urine,  depends  in  part  upon  the  activity  of  the 
metamorphoses  going  on  in  the  body ;  in  part,  also,  upon  the  quan- 
tity of  them  which  is  taken  into  the  body  as  food,  drink,  medicine, 
&c.  Thus,  for  example,  the  oxalic  acid  of  the  urine  (as  described  in 
Section  ci.)  may  be  formed  within  the  body,  or  it  may  have  been 
taken  into  the  body  with  different  kinds  of  food  containing  oxalic 
acid.  The  sulphuric  acid  in  the  urine  may  result  from  oxidation  of 
the  sulphur  contained  in  the  proteine-compounds  of  the  body ;  and 
it  may  also  have  been  derived  from  the  drinking  of  water  containing 
sulphate  of  lime,  &c.  The  quantity  of  chloride  of  sodium,  again, 
contained  in  the  urine  may  depend  both  upon  an  increased  or  dimi- 
nished action  of  the  kidneys ;  and  also  upon  the  amount  of  the  salt 
w^hich  has  been  ingested  with  the  food. 
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We  must,  therefore,  be  very  cautious  in  drawing  conclusions  from 
the  increase  or  diminution  in  the  urine  of  any  of  this  class  of  its  con- 
stituents. "We  are  not  justified  in  ascribing  the  increase  or  diminution 
to  any  alteration  in  the  action  of  the  organs,  or  to  any  pathological 
condition,  unless  we  are  satisfied  that  the  deranged  secretion  does 
not  depend  upon  an  increase  or  diminution  of  the  quantity  of  the 
compound,  which  has  been  taken  into  the  body.  This,  however,  we 
can  only  learn  by  a  quantitative  determination,  or  at  least  by  an  ap- 
proximative valuation  of  the  amount  of  the  compound  which  has 
been  taken  into  the  body  with  the  food  in  a  given  time.  Such 
investigations  are  very  laborious,  and  have  hitherto  been  very  rarely 
attempted.  The  truth  is,  that  we  are  still  very  much  in  the  dark  on 
this  subject;  the  statements,  therefore,  which  have  been  made  by  diffe- 
rent observers  concerning  the  increase  and  diminution  of  the  different 
constituents  of  the  urine  in  diseases,  must  be  received  with  great 
caution. 

We  now  proceed  to  consider  the  indications  presented  by  the 
increase  or  diminution  of  the  different  constituents  of  the  urine. 


SECTION  cxvi. 

Urea. 


Th.  L.  W.  Bischoff. — Ber  Harnstoff,  ah  Maas  des  Stqffwechsels. 
(Urea  considered  as  a  measure  of  the  Metamorphoses  going  on 
in  the  Body.     Giessen,  1853.) 

The  mode  of  determining  the  quantity  of  urea  in  the  urine,  and 
the  modifications  of  the  process  required  in  certain  cases,  have  been 
already  fully  described  in  Section  Lx. ;  we  have  here,  therefore, 
only  to  consider  the  degree  of  exactitude  and  of  error  attaching  to 
this  method,  and  the  indications  which  may  be  deduced  from  the 
results  obtained  by  it. 

Liebig^s  method  is  sufficiently  accurate;  comparative  analyses 
carefully  made  with  the  same  urine  gave  very  similar  results, 
the  difference  being  less  than  one  per  cent.  There  are,  how- 
ever, two  possible  sources  of  error  attaching  to  this  method  of 
determining  the  quantity  of  urea  in  the  urine,  which  may,  under 
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certain  circumstances,  give  rise  to  erroneous  or  inexact  conclusions ; 
and  these  errors  cannot  be  wholly  avoided  unless  the  original 
process  be  subjected  to  a  long  and  troublesome  modification.  The 
errors  are  as  follow : — 

1.  The  error  connected  with  the  presence  of  chloride  of  sodium 
in  the  urine.  This  has  already  been  pointed  out  at  p.  186,  as 
well  as  the  means  of  avoiding  it.  I  have,  therefore,  only  a  few 
practical  remarks  to  make  on  the  point.  In  all  cases  in  which  we 
wish  to  obtain  a  very  accurate  estimation  of  the  amount  of  urea 
in  the  urine,  where,  in  fact,  an  error  of  from  1  to  2  per  cent,  is  in- 
admissible, we  must,  first  of  all,  precipitate  the  chlorine  from  the 
urine  in  the  manner  described  at  p.  186. 

When  great  accuracy  is  not  required,  this  tedious  process  may  be 
omitted,  and  then  we  may  follow  two  courses  : 

Either  we  may  take  no  account  whatever  of  the  presence  of  the 
chloride  of  sodium.  And  then,  in  this  case  (excepting  only  when 
the  urine  contains  no  chloride  of  sodium,  or  only  a  trace  of  it),  the 
urea  will  always  stand  at  too  high  a  figure.  The  error,  indeed,  may 
amount  to  10  or  even  20  per  cent.  It  will,  for  instance,  be  great, 
if  we  compare  the  urine,  usually  rich  in  salt,  of  healthy  persons,  or  of 
persons  suffering  from  chronic  diseases,  with  the  urine  of  those  who 
are  suffering  from  acute  febrile  diseases,  which  generally  contains 
very  little  chloride  of  sodium  ; 

Or,  we  may  make  a  correction  for  the  amount  of  salt  in  the  urine 
according  to  the  quantity  of  the  urea  which  has  been  obtained  (see 
p.  186).  This  correction,  however,  is  only  approximative;  and, 
spite  of  it,  the  error  may  still  amount  to  as  much  as  5  per  cent.,  and 
be  either  positive  or  negative. 

2.  A  second  source  of  error  in  Liebig's  process  results  from  the 
fact  that  other  bodies  may  be  precipitated  with  the  urea.  In  such 
case  the  weight  of  the  urea  obtained  will  be  too  great.  This  is  true 
of  aUantoine,  a  compound,  however,  which  is  rarely  met  with  in  the 
urine  (see  p.  189).  It  is  true  also  of  other  nitrogenous  com- 
pounds of  the  urine,  wliich  are  more  frequently  present,  and  espe- 
cially in  the  sick.  Kletzinsky"^  found,  in  a  number  of  carefully 
made  experiements,  that  a  nitrogenous  compound  is  in  most  speci- 

*  Kletzinsky,  Komparative  Versuche  iiher  den  Werth  verschiedener 
Methoden  der  Harnstoffhestimmung.  Heller's  Archiv.  1853.  p.  252.  (Com- 
parative experiments  relative  to  the  value  of  the  different  methods  of  de- 
termining the  urea  in  the  urine.) 
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mens  of  urine  precipitated  by  a  solution  of  sugar  of  lead.  This 
compound  is  not  urea,  but,  in  Liebig^s  method,  it  is  precipitated 
with  the  urea,  and  is  included  in  the  calculation  made  of  the  urea. 
The  quantity  of  this  compound  found  by  Kletzinsky  amounted  to  4, 
3,  3,  2,  and  2  per  cent,  in  healthy  urine.  In  the  urine  of  disease 
it  was  much  greater,  amounting  even  to  about  12  per  cent.  Hence 
the  quantity  of  the  urea,  especially  in  the  urine  of  the  sick,  may  be 
set  down  at  too  high  a  figure ;  and  in  some  cases  the  error  may 
reach  even  to  as  much  as  20  per  cent.  The  error  is  often,  to  a 
certain  degree,  compensated  for  in  this  way :  The  urine  in  acute 
diseases  contains  very  little  chloride  of  sodium,  so  that  the  quantity 
of  urea  found  in  it,  when  compared  with  that  in  healthy  urine,  would 
be  too  small,  unless  correction  were  made  for  the  chloride  of  sodium ; 
such  compensation,  however,  is  only  admissible  in  very  superficial 
investigations,  and  must  not  be  received  where  accuracy  is  re- 
quired. 

To  avoid  this  source  of  error,  it  is  necessary  to  add  to  the  urine 
sugar  of  lead  solution,  rendered  acid  with  a  drop  or  two  of  acetic 
acid,  until  the  whole  of  the  matters  capable  of  being  thrown  down 
are  precipitated ;  any  excess  of  lead  remaining  is  then  precipitated 
by  sulphuretted  hydrogen,  and  the  urea  determined  by  Liebig^s 
method. 

This  source  of  error,  which  was  first  pointed  out  by  Kletzinsky, 
may  probably  depend,  in  part  at  least,  upon  the  fact,  as  late  investi- 
gations indicate,  that  other  bodies,  some  of  which  are  constantly  and 
some  occasionally  present  in  the  urine,  are,  like  urea,  precipitated  by 
nitrate  of  mercury.  Thus,  besides  the  compounds  of  ammonia  and 
allantoine,  which  have  been  already  described,  we  have  creatinine, 
leucine,  and  tyrosine.  The  presence  of  these  compounds  interferes 
with  the  exact  determination  of  the  urea  by  Liebig^s  method.  The 
quantity  of  them  in  the  urine  is,  however,  for  the  most  part  com- 
paratively small,  at  least  in  healthy  urine,  seldom  exceeding  a  few 
grammes  in  the  24  hours. 

What  indications  are  to  be  drawn  from  an  increase  or  diminution 
of  the  quantity  of  urea  in  the  urine  ? 

The  normal  quantity  of  urea  in  the  urine  naturally  forms  the 
basis  of  our  calculations  on  this  subject.  Numerous  investigations, 
made  by  different  observers,  show,  that  a  well-fed  healthy  adult  man, 
passes  on  an  average  from  30  to  40  grammes  of  urea  in  the  24 
hours,  and  from  1*25  to  1*66  gramme  in  one  hour. 
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Thus,  we  find,  calculating  according  to  the  weight  of  the  body, 
that  on  the  average  in  24  hours  from  0-37  to  0*60  gramme,  and  in  one 
hour  from  0*015  to  0'035  gramme  of  urea  are  passed  for  each 
kilogramme  of  the  body^s  weight. 

The  absolute  quantity  of  urea  passed  by  women,  and  of  course 
also  by  children,  is  somewhat  less  than  by  men.  But,  on  the  other 
hand,  the  relative  quantity  passed  by  children,  in  relation  to  the 
weight  of  the  body,  is  greater  than  in  adults.  According  to  the 
researches  of  Uhle  (Wiener,  Mediz.  Wochenschr.  1859,  7  to  9), 
children  pass  in  the  24  hours  for  each  kilogramme  of  their  weight, 
as  follows : — 

Children  from   3  to  6  years  of  age,  about  1.0  gramme  of  urea. 
jj  5»      8  ,,  11         ,,  ,,         0*8 
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13  „  16         „  „  0-4  to  0*6 
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This  quantity  naturally  varies  somewhat  in  different  persons,  and  in 
the  same  person  at  different  times,  according  to  the  bodily  constitution, 
nature  of  diet,  and  activity  of  the  nutritive  functions  of  the  indivi- 
dual. Moreover,  these  numbers  do  not  include  the  maximum  and 
minimum  quantities  of  urea  which  occur  in  certain  cases  in  perfectly 
healthy  persons. 

The  nature  of  the  food  has  a  very  marked  influence  over  the 
quantity  of  urea  which  is  excreted.  More  urea  is  passed  under  a 
purely  animal  than  under  a  mixed  diet ;  and  more  under  a  mixed 
than  a  vegetable  diet.  Under  abstinence  from  food,  the  smallest 
quantity  is  passed. 

The  observations  of  O.  v.  Pranque  (Treatise  on  the  excretion  of 
Urea  in  Man.  Inaugural  Dissertation.  Inaug.  AhMlg.  Wiirzburg, 
1855)  give  us  a  very  good  idea  of  the  degree  of  influence  thus  exer- 
cised over  the  excretion  of  urea.  The  quantity  of  urea  passed  by 
him  in  24  hours. 

Under  a  purely  animal  diet,  was  from  51  to  92  grammes 
„         mixed  diet  „        36  to  38         „ 

„         vegetable  diet  „         24  to  28         ,, 

„         non-nitrogenous  diet     „         16  „ 

The  chief  indications  obtained  from  the  quantitative  determination 
of  the  urea  in  the  urine,  depends  upon  the  fact :  that  the  amount  of 
urea  is  an  approximative  measure  of  the  degree  of  metamorphoses 
of  the  proteine  compounds  going  on  in  the  body.    Thereby  we  learn 
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not  only  the  amount  of  the  entire  metamorphoses  going  on  in  the 
body,  but  also  of  one  particular  and  very  important  division  of 
it. 

Whatever  increases  the  metamorphoses  of  the  proteine  compounds 
of  the  body,  as  a  rule,  increases  the  quantity  of  urea,  and  vice  versa. 
The  production  of  urea  is,  consequently,  somewhat  greater  during 
the  day  than  during  the  night ;  it  is  increased  by  a  rich  animal  diet, 
and  diminished  under  a  sparing,  or  chiefly  vegetable,  diet.  It  in- 
creases and  diminishes  also  with  the  degree  of  activity  exercised  by 
the  body  and  the  mind.  Hence,  the  quantity  of  urea  in  the  urine 
may  be  increased  or  diminished  in  perfectly  healthy  persons,  by 
a  variety  of  accidental  circumstances,  which  it  is  not  necessary  to 
mention  here. 

The  quantity  of  urea  secreted  with  the  urine  in  a  given  time,  does 
not  depend  solely  upon  the  amount  of  urea  produced ;  for  the  urea 
formed  in  the  body  instead  of  being  wholly  separated  from  it,  may 
be  in  part  detained  in  the  blood  and  in  the  parenchymatous  fluids. 
Hence,  the  quantity  of  urea  increases  temporarily  with  the  increase 
of  the  urinary  secretion,  and  diminishes  with  it. 

The  quantity  of  urea  in  the  urine  of  the  sick  depends  upon  exactly 
similar  circumstances. 

A  long-continued  increase  of  the  urea,  invariably  indicates  an 
increased  conversion  of  the  nitrogenous  elements  of  the  body.  A 
temporary  increase  of  the  urea,  may,  however,  depend  upon  an 
increase  of  the  urinary  secretion,  and  does  not  necessarily  indicate 
an  abnormally  large  production  of  urea. 

A  diminution  of  the  quantity  of  urea  in  the  urine  may  depend  : — 

a.  Upon  a  diminution  of  the  proteine  metamorphoses. 

b.  Upon  the  retention  of  the  urea  in  the  body,  as  occurs  in 
uraemia  and  dropsy. 

The  secretion  of  the  urine  during  the  progress  of  acute  febrile 
diseases,  pneumonia,  typhus,  &c.,  is  generally  affected  in  the  fol- 
lowing way : — 

At  the  commencement  of  the  attack,  and  until  the  fever  has 
reached  its  acme,  the  quantity  of  urea  is  generally  increased,  some- 
times to  as  much  as  50,  60,  and  even  80  grammes,  in  the  24  hours; 
and  this,  notwithstanding  the  patient  is  under  low  diet,  and  the 
secretion  of  the  urine  is  diminished. 

As  the  fever  diminishes,  and  the  abnormal  increase  of  the  tissue- 
metamorphoses  ceases,  and  as  long  as  derangement  of  the  digestion 
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requires  a  diminislied  diet,  the  quantity  of  urea  becomes  less  than 
normal. 

During  convalescence,  the  quantity  of  urea  gradually  again  be- 
comes normal. 

This  is  the  usual  state  of  the  urea  as  observed  in  these  cases ;  but 
of  course  it  may  be  variously  modified  by  individual  circumstances. 

In  intermittent  fevers  the  excretion  of  urea  is  markedly  in- 
creased during  the  accession  of  the  fever.  The  increase  occurs 
before  the  occurrence  of  the  cold  stage — an  important  fact  in  the 
history  of  fevers. 

The  quantity  of  urea  is  usually  less  than  normal  in  most  chronic 
diseases,  which  are  accompanied  with  a  diminution  of  the  tissue- 
changes,  or  of  the  nutrition.  During  intercurrent  exacerbations  of 
fever,  hectic  fever,  &c.,  it  is  increased. 

The  quantity  is  reduced  to  the  lowest,  when  diminished  nutri- 
tion is  conjoined  with  diminished  action  of  the  kidneys ;  under  such 
circumstances,  and  towards  the  fatal  conclusion  of  many  chronic 
diseases,  the  quantity  is  often  very  small,  not  more  than  from 
5  to  6  grammes  per  day. 

The  quantity,  again,  is  often  much  diminished  in  dropsical  states 
of  the  body,  a  portion  of  the  urea  being  dissolved  in  the  dropsical 
fluid,  and  so  retained  in  the  body.  When,  however,  in  cases  of  this 
kind  the  secretion  of  the  urine  is  much  increased,  either  sponta- 
neously or  through  the  action  of  diuretics,  the  urea  will  for  a  time 
be  separated  in  large  quantities.  The  amount  of  the  urea,  under 
such  circumstances,  is  much  greater  than  the  normal  quantity  which 
should  be  passed  during  that  time ;  the  excess  of  the  excretion  over 
the  production  of  urea  depending  upon  the  amount  of  it,  which  has 
been  retained  in  the  body. 

If,  for  a  length  of  time  together,  much  less  urea  is  separated  with 
the  urine,  than  what  may  be  considered  the  normal  quantity,  there 
is  reason  to  fear  that  ursemia  may  result  from  the  retention  of  urea 
and  its  decomposition  within  the  body. 

When  urine  contains  a  large  amount  of  carbonate  of  ammonia, 
resulting  from  the  decomposition  of  urea,  there  wiU  naturally  be 
comparatively  less  urea  than  normal  in  it ;  consequently,  the  quan- 
tity of  urea  found  in  urine  which  is  very  ammoniacal,  is  no  true 
measure  of  the  quantity  actually  produced.  The  proceeding,  which 
must  be  followed,  in  such  case,  in  order  to  determine  the  quantity 
of  urea,  is  given  at  p.  188. 
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The  following  examples  are  given  as  illustrations  of  the  statements 
above  given : — 

A.  In  Health. 

A  large  number  of  calculations  made  according  to  Liebig's 
method — no  corrections  being  made  for  the  chloride  of  sodium— gave 
the  following  as  the  quantity  of  urea  found  in  the  urine  of  strong 
healthy  men  on  full  diet : — 

grammes. 

1  In  H.  the  mean  quantity  of  urea  passed  per  hour  was  2*13 

2  InM 1-47 

3  In  J.  .       .     .     .     .     .     .    1st  series  of  experiments'!  ^ 

in  the  Summer  of  185^  j 

4  In  the  same  person  2nd  series  of  experiments ' ,  , 

i*ob 


I 


in  October,  1853 , 


} 


The  numbers'  given  under  ^,  3,  and  4,  are  the  mean  of  a  large 
number,  upwards  of  a  hundred,  of  observations ;  consequently, 
they  represent  pretty  accurately  the  mean  production  of  urea  in  the 
individuals  above  referred  to.  They  are,  however,  all  of  them 
somewhat  too  high,  probably  about  10  per  cent.,  in  consequence 
of  the  chloride  of  sodium  not  having  been  precipitated  from  the 
urine. 

Most  of  the  above  observations  also  serve,  singly,  to  indicate  the 
amount  of  urea  produced  at  different  periods  of  the  day.  The  hourly 
production  of  urea  was  as  follows  : 


Morning. 

Afternoon. 

Night. 

InM.     .     . 

.     1-7      . 

.     .     1-58      . 

.     .     1-2 

In  J.,  1852 

.     1-68    . 

•     .     1-71      . 

.     .     1-61 

In  J.,  1853 

.     2-12    . 

.     .     1-82      . 

.     .     1-74. 

Trom  these  figures  it  would  appear,,  that  the  quantity  of  urea 
produced  at  different  periods  of  the  day  does  not  vary  much.  During 
the  night  it  was  invariably  less  than  during  the  day :  observations 
also,  made  on  the  same  individual  at  different  periods  of  the  year — 
as  in  J.,  in  the  Summer  of  1852,  and  in  October,  1853, — give 
nearly  similar  results. 

To  show  the  amount  of  variation  in  the  quantity  of  urine  passed 
in  health  from  hour  to  hour,  I  will  give  the  maximum  and  minimum 
of  the  hourly  evacuation  of  urea  in  each  of  the  above  experiments: — 
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Hours. 

Maximum. 

Minimum. 

1     .     . 

.     .     .     8-12     .     .     . 

.     .     1-54 

2     .     . 

.     .     .     2-45      .     .     . 

.     .     0-88 

3     .     . 

.     .     .     3-41      .     .     . 

.     .     1-05 

4     .     . 

.     .     .     2-82     .     .     . 
B.  In  Disease. 

.     .     0-89 

In  Tophus. — During  the  height  of  the  disease  the  daily  quantity 
of  urea  varied  between  40  and  55  grammes.  As  the  fever  di- 
minished it  gradually  fell  to  20  grammes ;  and  again  gradually 
returned  to  the  normal  standard,  as  the  patient  recovered.  In  a 
case  of  typhus,  which  terminated  fatally,  the  urea  at  the  height  of 
the  fever  amounted  to  35,  40,  and  50  grammes,  falling  gradually 
as  the  disease  advanced  to  25,  20,  and  10,  and  during  the  last 
24  hours  before  the  patient  died  was  only  5  grammes. 

In  pneumonia,  during  the  height  of  the  fever,  the  quantity  of 
urea  reached  as  high  as  50,  60,  and  even  70  grammes  ;  falling  as  the 
fever  receded  as  low^  as  25  and  20  ;  and  rising  again  with  returning 
health. 

In  a  case  of  disease  of  the  heart,  with  dropsy,  the  daily  quantity  of 
urea  was  for  some  time  20,  25,  and  28  grammes.  The  secretion  of 
urea  was  increased  by  diuretics,  the  quantity  of  urea  amounting  to 
50  and  even  60  grammes  daily;  the  quantity,  however,  fell  again 
with  the  departure  of  the  diuresis.  This  state  of  things  occurred 
several  times. 

In  a  patient  who  had  emphysema  of  the  lungs  and  rigidity  of  the 
arteries,  and  who  was  suffering  from  an  attack  of  acute  bronchitis 
and  oedema  of  the  lungs,  the  quantity  of  urea  was  generally  small, 
less  than  30  grammes.  With  the  occurrence  of  ursemic  symptoms 
the  quantity  fell  to  12  and  even  as  low  as  10  grammes.  Under  the 
action  of  diuretics,  it  rose  again  to  25  grammes.  Then  came 
another  relapse,  with  diminution  of  the  urine  and  of  the  urea  to  11 
grammes,  and  death. 

Numerous  observations,  respecting  the  quantity  of  urea  secreted 
in  different  diseases,  have  been  pubUshed  during  the  last  few  years. 
They  confirm,  in  all  main  particulars,  the  above  statements  which  had 
been  previously  published  by  myself.  These  statements  were  based 
on  very  numerous  observations  which  I  made  in  the  Clinique  at 
Giessen,  in  part  before  the  publication  of  Liebig's  method,  and  at  the 
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suggestion  and  with  the  assistance  of  my  honoured  friend.  A  closer 
study  of  the  relation  of  urea-secretion  with  particular  diseases  would 
lead  us  too  far,  and  belongs  indeed  to  special  pathology.  Those  who 
wish  to  pursue  the  subject  further,  will  find  it  fully  treated  in  the 
following  works: — Alfr.  Vogel  (Henle  und  Pfeufer's  Zeitschr.,  N.  f. 
iv._,  3)  —  S.  Moos  (Do.  vii.  3)  — W  Brattler,  Ein  Beitrag  zur 
Urologie.  (A  Treatise  on  Urology.)  Miinchen,  1858.  These  three 
works  treat  of  secretion  of  urea  in  different  diseases.  W.  Miiller,  uber 
Harnstqffabsonderung,  Sfc,  nach  operativen  Eingrifen  (On  the  Secre- 
tion of  the  Urea,  &c.)  Wiss.  Mittheil.  d.  Erlang.  Thys,  Med, 
Soc.f  1858,  Heft  1. — E.  Sander,  Harnstoffausscheidung  bei  paralyt. 
Blodsinn.  (On  the  Secretion  of  Urea  in  Paralysis,  &c.)  Yirchow's 
Archiv.y  1858,  p.  160 — P.  S.  Warneke  Harnstoffausscheidung  im 
Typhoidfieber  (Thq.  Secretion  of  Urea  in  Typhoid  Pever,  Bibl,  for 
Laegerj  xii.  p.  330.  The  Secretion  of  Urea  in  Intermittent  Pever :) 
Traube  nnd  Jochmann,  Deutsche  Klinik,  1865,  No.  46 — Sidney 
Einger,  Med.-Chir.  Trans.,  1859,  p.  360.  The  Secretion  of  Urea 
in  Cholera,  Pr.  Lehmann,  Inaug.  Diss.  Zurich,  1857. 


section  cxvii. 
Uric  Acid. 

H.  Eanke. — Beob.  und  Versuche  Uber  die  Ausscheidung  der  Ham- 
sdure  beim  Menschen,  &c.  Munich,  1858.  (Observations  and 
Eesearches  concerning  the  Secretion  of  Uric  Acid  in  Man,  &c.) 

B.  J.  Stokvis. — Bijdragen  tot  der  physiolog.  van  het  acid  uricum. 
Ned.  Tjidschr.,  1859.  Schmidt's  Jahrb.  Vol.  109,  p.  3.  (Treatise 
on  the  Physiology  of  Uric  Acid.) 

The  quantitative  analysis  of  uric  acid  is  to  be  conducted  after  the 
method  described  in  Section  lxviii.  In  all  cases  in  which  the 
urine  contains  sediment  of  uric  acid  or  of  the  urates — and  it  is  in 
these  cases  that  the  determination  of  the  quantity  of  uric  acid  is  most 
important — we  must  employ  the  whole  of  the  24  hours'  urine  for 
the  purpose ;  or,  if  the  sediment  should  not  be  wholly  dissolved  in  it, 
we  must  filter  the  urine,  collect  the  deposit  left  on  the  filter,  and  add 
it  to  the  urates  dissolved  in  the  urine,  and  from  both  these  together 
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calculate  the  quantity  of  uric  acid.  This  proceeding  is,  however, 
tedious  and  troublesome,  and  will  therefore  be  seldom  resorted  to 
by  the  physician,  who  is  generally  able  to  guess  with  sufficient 
accuracy  the  abnormal  quantity  of  uric  acid  from  the  amount  of 
sediment  of  uric  acid,  or  of  urates,  which  is  present  in  the  urine.  It 
must,  however,  be  remembered  that  we  cannot  in  all  cases  conclude 
from  the  presence  of  uric  acid  sediment  in  the  urine,  that  more  uric 
acid  than  normal  is  passed  with  the  urine  in  a  given  time  (see 
Section  xcviii.). 

When  we  have  determined  the  quantity  of  uric  acid  in  the  urine, 
we  have  next  to  learn  whether  the  quantity  obtained  is  normal,  or  is 
greater  or  less  than  normal.  For  this  purpose,  it  is  necessary  to 
know,  what  is  the  mean  quantity  of  uric  acid  passed  daily  or  hourly 
by  healthy  persons.  On  this  subject  trustworthy  data  have  been 
given  us  by  Lehmann,  Neubauer,  and  especially  by  Eanke. 

According  to  these  observers,  the  average  quantity  of  uric  acid 
passed  in  the  24  hours  by  adults  (male  as  well  as  female)  is  from 
0*3  to  0*8  gramme.  This  mean  quantity,  however,  differs  consider- 
ably in  different  persons.  And  even  in  the  same  persons  at 
different  times,  greater  or  less,  and  sometimes  very  considerable, 
variations  occur. 

The  nature  of  the  food  appears  to  exercise  the  chief  influence  over 
the  excretion  of  uric  acid.  During  fasting  the  quantity  of  uric  acid  is 
greatly  diminished;  it  rapidly  increases  after  eating,  and  indeed 
almost  as  much  after  taking  non-nitrogenous,  as  after  animal,  food. 
(Eanke. — Dr.  Roberts.) 

In  comparing  the  quantity  of  uric  acid  with  the  quantity  of  urea, 
we  find  considerable  variations,  from  1  to  28  up  to  from  1  to  80 
gramme. 

Lehmann  passed  on  an  average  1*18  gramme  of  uric  acid  in  24 
hours  ;  but  he  remarks  that  this  is  an  abnormal  quantity. 

According  to  Becquerel  the  mean  quantity  is  from  about  0-49  to 
0*56  gramme  per  day. 

Neubauer,  who  made  a  great  number  of  observations  on  two 
healthy  persons,  found  in  the  one  an  average  of  0*28  gramme,  the 
maximum  being  0'61,  and  the  minimum  0*02  gramme;  and  in  the 
other  an  average  of  0-49,  a  maximum  of  0*67,  and  a  minimum  of 
0-33  for  the  24  hours. 

Eanke,  who  has  made  numerous  investigations  into  this  subject, 
and  also  many  observations  in  his  own  person,  finds  that  the  average 
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quantity  of  uric  acid  passed  by  him  in  24  hours  was  as  follows  :  the 
mean  0*648  ;  the  maximum  0'875  gramme;  the  minimum  0'445;  in 
other  persons,  0*225  —  0*654  —  0*556  —  0*78;  average  0*707. 
In  two  women,  the  quantity  was  in  one  0*410  to  0*456;  average 
0*429  ;  and  in  the  other  0*458  to  0*565. 

Ranke  found  the  excretion  of  uric  acid  increased  during  the  access 
of  intermittent  fever.  He  also  found  that  it  was  increased  in  a 
patient  suffering  from  leukaemia,  that  it  was  sometimes  diminished  in 
diabetes  mellitus,  and  always  markedly  so  in  chronic  gout  (as  pointed 
out  by  Dr.  Garrod  and  Neubauer) .  According  to  Dr.  Garrod  the 
uric  acid  is  in  such  case  accumulated  in  the  blood.  Eanke  also 
found  the  excretion  diminished  by  the  ingestion  of  large  doses  of 
sulphate  of  quinine. 

The  causes  of,  and  the  indications  to  be  derived  from,  an  increase 
or  dimiaution  of  the  uric  acid  in  the  urine,  are  still  obscure  and  hy- 
pothetical. Uric  acid,  like  urea,  is  a  product  of  the  body,  and,  in 
fact,  of  the  transformations  of  its  nitrogenous  constituents.  And 
so  far  the  increase  or  diminution  of  uric  and  urea  in  the  urine  have 
the  same  signification,  viz.,  an  increase  or  diminution  of  the  meta- 
morphotic  processes  of  the  nitrogenous  elements  of  the  body.  Uric 
acid,  however,  stands  one  step  higher  than  urea  in  the  series  of 
retrograde  chemical  metamorphoses ;  for  urea  can  be  formed  out  of 
uric  acid  by  oxidation.  Hence,  indeed,  uric  acid  is  often  considered 
as  imperfectly  oxidised  urea;  and  it  has  been  thought  that  the 
increase  of  the  uric  acid  invariably  takes  place  at  the  expense  of  the 
urea  whenever,  through  imperfect  supply  of  oxygen,  the  decomposed 
nitrogenous  elements  of  the  body  are  not  duly  oxidised,  and  conse- 
quently in  all  diseases  in  which  the  respiratory  function  is  impeded. 
This  view^,  however,  does  not  square  with  the  fact,  that  a  certain 
quantity  of  uric  acid  exists  in  the  urine  of  the  most  healthy  persons. 
Moreover,  we  find  in  those  diseases  in  which  an  increase  of  the  uric 
acid  is  most  constantly  observed — in  the  acute  stage  of  febrile 
diseases — that  the  urea  is  always  increased  as  well  as  the  uric  acid. 
We  may,  indeed,  be  sure  that  uric  acid  is  something  more  than 
merely  imperfectly  formed  urea ;  but  we  must  wait  for  further  in- 
vestigations to. explain  its  actual  mode  of  formation,  and  its  true 
signification. 

We  have  already  spoken  of  the  indication  afforded  by  the  deposi- 
tion of  uric  acid  as  sediment  within  the  body  (Sect,  xcviii.). 
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section  cxviii. 
Eree  Acids. 

Th.  Eylandt. — Be  Acidorum  sumptor.  vi  in  Urince  acorem.  Diss. 
Inaug,,  Dorpat^  1854. 

J.  Ch.  Lehmann. — Bihl.  far  Laeger,  vol.  xiii.  p.  18.  Schmidt's 
Jahr.  vol.  108,  p.  148.  ' 

Dr.  Wm.  Roberts. — ^A  Contribution  to  Urology,  embracing  Observa- 
tions on  the  Diurnal  Variations  in  the  Acidity  of  Urine,  chiefly 
in  relation  to  Pood.    1859. 

The  quantitative  determination  of  the  free  acids  in  the  urine  is 
readily  and  quickly  effected  by  the  method  given  in  Section  lxiii. 
In  such  case,  however,  the  analysis  must  be  made  as  soon  as  possi- 
ble after  the  evacuation  of  the  urine ;  for  the  quantity  of  its  acids  is 
readily  altered,  under  the  influence  of  the  acid  or  the  alkaline  fer- 
mentations. 

Numerous  observations,  which  have  been  made,  partly  by  myself 
and  partly  under  my  superintendence,  show  that  a  man  in  health 
passes  on  an  average  between  2  and  4  grammes  of  acids  in  a  day,  and 
about  0*10  to  0*20  gramme  per  hour,  calculated  as  oxalic  acid. 
The  hourly  quantity  varies  much  according  to  the  period  of  the  day. 
In  a  series  of  experiments  made  on  four  different  persons,  the  quan- 
tity was  found  to  be  greatest  during  the  night,  least  in  the  forenoon, 
and  between  these  extremes  in  the  afternoon. 

The  mean  hourly  quantity  in  an  individual  on  whom  the  greatest 
number  of  observations  were  made,  was  in  the  night,  0'19;  forenoon, 
0*13;  afternoon,  0'15  gramme. 

The  quantity  of  acids  in  the  urine  is  undoubtedly  diminished  by 
the  taking  of  caustic  alkalies,  carbonates,  or  of  organic  alkaline  salts ; 
in  fact,  the  acids  will  entirely  disappear  if  large  quantities  of  these 
salts  be  taken,  the  urine  becoming  alkaline,  just  as  it  does  in  the 
formation  of  carbonate  of  ammonia  by  decomposition  of  urea. 

On  the  other  hand,  the  acidity  of  the  urine  is  increased  by  taking 
mineral  acids. 

Example. — In  a  young  man  who  had  taken  large  quantities  of 
sulphuric  and  hydrochloric  acids  for  a  long  time  on  account  of  severe 
haemoptysis,  the  average  daily  quantity  of  acid  in  the  urine  (as  a 
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mean  of  six  days)  was  4*4,  and  on  one  occasion  reached  to  7 '5 
grammes. 

The  numerous  and  careful  observations  made  by  Dr.  W.  Roberts 
confirm  the  statement  of  Dr.Bence  Jones  (see  Sect.LXXXVii.),  viz._,  that 
for  a  certain  time — from  one  to  three  hours — after  meals,  the  excre- 
tion of  acids  with  the  urine  is  diminished,  both  absolutely  and  also 
in  relation  to  the  solid  constituents  of  the  urine.  Not  unfrequently, 
indeed,  the  urine  at  this  period  becomes  for  a  time  even  alkaline. 
In  this  respect  animal  and  vegetable  food  has  a  similar  action.  Dr. 
Roberts  ascribes  the  effect  thus  produced  not  so  much  to  the  secre- 
tion of  the  gastric  acid  juices  (as  Dr.  B.  Jones  does)  as  to  the  pas- 
sage of  the  alkaline  salts  of  the  food  into  the  blood. 

The  amount  of  the  acids  in  the  urine,  however,  depends  in  all  pro- 
bability, not  only  on  the  quantity  of  acids  taken,  but  also  upon  the 
tissue-metamorphoses  going  on  in  the  body,  as  has  been  stated  in 
Section  lxxxvii.  ;  but  the  mode  of  their  formation  has  not  yet  been 
clearly  shown. 

Numerous  calculations  made  concerning  the  quantity  of  acid  in 
the  urine  of  the  sick  show,  that  in  most  diseases,  acute  as  well  as 
chronic,  the  acid  is  diminished,  and  rarely  ever  increased,  excepting  in 
those  cases  in  which  large  quantities  of  mineral  acids  have  been  taken. 
We  find,  however,  that  during  the  acute  stages  of  febrile  diseases, 
and  particularly  in  pneumonia  and  acute  rheumatism,  &c.,  the  per- 
centage of  acids  in  the  urine  is  frequently  increased,  so  that  in  fact 
the  urine  appears  to  be  more  acid  than  it  is  in  health ;  but  this 
manifestly  depends  upon  the  diminished  quantity  of  the  urine,  and  its 
consequent  concentration.  The  diminution  of  the  acids  in  the  urine 
of  the  sick  undoubtedly  depends,  for  the  most  part,  upon  the 
diminished  ingestion  of  food.  No  more  special  conclusions  can  be 
derived  from  observations  hitherto  made  on  this  subject. 

Examples. — In  Men. 

In  a  case  of  pneumonia,  the  quantity  of  acid  gradually  increased 
from  0'  to  1*50.     The  mean  of  eight  days  was  0'5  gramme. 

In  another  case  of  pneumonia,  which  ended  fatally,  the  daily 
quantity  varied  from  0*9  to  3'0.  The  average  of  four  days  was 
1*9  gramme. 

In  a  case  of  gastric  fever  the  quantity  varied  between  0*6  and  1*6. 
The  mean  of  four  days  was  1*1  gramme. 
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In  a  case  of  acute  rheumatism^  the  quantity  during  several  days 
was  0*7  and  1  gramme. 

In  a  case  of  chronic  bronchial  catarrh  the  quantity  varied  during 
eleven  days  between  0*  and  0*8,  the  mean  being  0*5  gramme. 

In  Women. 

In  a  girl,  who  had  scrophulous  glandular  swellings,  the  quantity 
was  1*6  to  2*4.     The  mean  of  four  days  2*0  grammes. 

In  a  woman,  30  years  old,  suffering  from  spinal  irritation,  0*  to 
0*8.     Mean  of  five  days  0*4  gramme. 

In  a  woman,  70  years  old,  suffering  from  ascites  and  liver  disease, 
0'  to  3"1.     Mean  of  eighteen  days  1*41  gramme. 


SECTION  cxix. 

Ammonia. 

C.  Neubauer. — Journ.f.jorakt.  Chemiey  44,  p.  177  and  278. 
W.  Heintz  u.  H.  Bamberger.     Wiirzhurg.  Medic.  Wochenschrifi, 
vol.  ii.  parts  2  and  3. 

The  methods  for  determining  the  quantity  of  ammonia  in  the  urine 
have  been  already  described  in  Sections  lxxii.  and  lxxiii. 

It  appears  from  the  researches  of  Boussaingault,  Heintz,  and 
Neubauer  that  human  urine  always  contains  a  small  quantity  of 
ammonia.  From  many  experiments  made  by  Neubauer  on  different 
individuals,  the  average  quantity  passed  by  healthy  adult  males  in 
24  hours  was  found  to  be  about  0*7  gramme;  the  quantity  may, 
however,  be  as  small  as  0*3,  and  as  high  as  1  gramme. 

So  few  experiments  have  yet  been  made  on  this  subject,  and  espe- 
cially on  the  urine  of  the  sick,  that  it  is  impossible  for  us  to  say 
with  any  certainty  what  indication  the  increase  or  diminution  of 
ammonia  in  the  urine  offers  to  the  physician.  The  following  con- 
siderations, however,  may  serve  as  hints  for  assisting  in  the  further 
investigation  of  the  subject. 

The  ammonia  found  in  the  urine  is  evidently  derived  from  two 
very  different  sources. 
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1.  It  is  derived  from  tlie  food  and  drink  and  from  the  air,  which 
contams  more  or  less  of  it.  The  quantity  of  ammonia,  however, 
taken  into  the  system  in  this  way  is  generally  small,  and  consequently 
the  quantity  excreted  with  the  urine  is,  as  a  rule,  insignificant, 
a  little  more  than  \  gramme  in  24  hours. 

Under  certain  conditions,  an  abnormally  large  quantity  of  ammo- 
nia may  be  taken  into  the  system  by  healthy  persons,  for  example, 
when  sitting  in  an  atmosphere  filled  with  tobacco-smoke,  and  by  tak- 
ing food  which  contains  much  ammonia,  as  horse -rad dish,  &c.  In  the 
sick,  the  ammonia  may  be  introduced  into  the  body  as  medicine  in 
the  form  of  carbonate  and  chloride  of  ammonium,  &c.  Neubauer  has 
shown,  that  the  greatest  part  of  the  sal-ammoniac  which  is  thus 
taken  into  the  body  is  evacuated  with  the  urine.  In  all  cases  in 
which  it  is  found  that  the  daily  amount  of  ammonia  passed  with 
the  urine  exceeds  1  gramme,  the  physician  should  ascertain  on 
which  of  these  causes  the  excess  depends. 

2.  Ammonia  may,  undoubtedly,  be  also  formed  within  the  body, 
as  the  result  of  pathological  changes.  We  know,  that  urea  may  be 
decomposed  into  carbonate  of  ammonia;  and  the  idea  at  present 
held  of  the  nature  of  uraemia  is  founded  on  this  fact ;  the  theory 
being,  that  the  urea  retained  in  the  blood  is  converted  within  the  body 
into  carbonate  of  ammonia.  All  nitrogenous  animal  compounds,  and 
particularly  the  blood  and  so-called  extractive  matters,  readily  give 
off  ammonia  out  of  the  body,  when  only  shghtly  decomposed ;  hence, 
w^e  may  conclude,  that  in  pathological  processes  attended  with  the 
formation  of  putrid,  septic,  &c.,  matters,  the  development  of  ammonia 
has  already  taken  place  within  the  body.  In  such  cases,  the  proof  of 
an  increased  separation  of  ammonia  from  the  body  with  the  urine,  is  of 
much  value  in  diagnosis.  The  ammonia,  it  is  true,  may  be  sepa- 
rated through  the  intestines  and  the  lungs,  as  well  as  with  the  urine, 
but,  with  our  present  means  of  analysis,  its  quantitative  determina- 
tion is  most  readily  and  safely  effected  in  the  urine. 

Great  care,  however,  is  required  in  these  investigations,  for  under 
the  conditions  referred  to,  the  urea  in  the  urine  readily  passes  into 
a  state  of  decomposition  (which,  as  Neubauer  has  shown,  does  not 
happen  in  normal  urine) .  Consequently  it  becomes  very  difficult  in 
such  cases  to  determine  how  much  of  the  ammonia  found  in  the 
urine  was  originally  present  in  it  when  secreted,  and  how  much  has 
been  formed  by  subsequent'  decomposition,  either  within  the  bladder. 
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or  after  the  evacuation   of  the  urine.     In   cases  of  this  kind,  to 
avoid  the  chance  of  error  as  far  as  possible^  I  would  advise  : 

1.  That  the  urine  should  be  examined  as  soon  as  possible  after 
its  secretion  from  the  kidneys ;  for  which  purpose  the  urine  in  the 
bladder  should  be  drawn  off  with  a  catheter,  and  the  catheter  left  in 
the  bladder,  and  the  urine  then  collected  for  investigation,  as  it 
drops  from  the  catheter. 

2.  The  urine  thus  collected  should  then  be  freed  from  its  colour- 
ing- and  extractive-matters,  mucus,  &c.,  by  the  addition  of  acetate 
and  basic  acetate  of  lead  (after  the  manner  described  in  Sect,  lxxii.) 
in  order  to  prevent  any  further  decomposition  of  it. 


SECTION  cxx. 

Chlorine  and  Chloride  op  Sodium. 

Alfr.  Hegar. —  Ueber  die  Ausscheidung  der  Chlorverbindungen  durch 
den  Ham.  Giessen.,  1852.  (On  the  Excretion  of  Chlorine-com- 
pounds with  the  Urine). 

P.  HowiTZ. — Hospitals  Meddelelser ;  andere  Roekke,  vol.  i.  p.  64, 
Schmidt's  Jahrb.,  vol.  95.  p.  282. 

E.  Ph.  Hinkblbein. —  Ueber  den  Uebergang  des  Chlornatriums 
in  den  Ham.  Inaug.  Diss.  Marburg ,  1859.  (On  the  Passage  of 
Chloride  of  Sodium  into  the  Urine). 

The  methods  to  be  followed  for  the  quantitative  determination  of 
the  chlorine  and  chloride  of  sodium  in  the  urine,  will  be  found 
described  in  Section  lviii.,  and  in  the  Analytical  Examples,  p.  268. 

The  method  proposed  by  Liebig  for  the  quantitative  determination 
of  the  chloride  o  f  sodium,  by  means  of  nitrate  of  mercury  (Sect. 
lviii.  I.)  is  very  convenient,  and  may  be  performed  in  a  few 
minutes.  In  cases,  in  which  urine  treated  with  baryta  yields, 
after  filtration,  a  perfectly  clear  fluid,  very  accurate  results 
may  be  obtained.  Not  unfrequently,  however,  the  moment,  at 
wliich  permanent  clouding  of  the  urine  occurs  on  the  addition  of  the 
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mercury  solution,  cannot  be  exactly  hit ;  and  in  cases  of  this  kind, 
when  the  urine  under  investigation  contains  very  little  chloride  of 
sodium,  a  considerable  degree  of  error — as  great  as  from  30  to  50 
per  cent — may  attend  the  calculation.  The  physician,  however, 
should  always  make  use  of  Liebig's  method,  even  in  such  cases,  for  M 
the  approximative  calculation  of  the  chloride  of  sodium  in  the  urine  « 
usually  adopted  may  yield  errors  equal  to  100  per  cent.  The  more 
complicated  method  of  determining  the  quantity  of  chloride  of  so- 
dium by  means  of  a  graduated  solution  of  nitrate  of  silver  (see 
Sect.  Lvm.  II.)  need  only  be  employed  when  very  great  accuracy  is 
required. 

The  method  of  calculating  the  amount  of  chlorine  in  the  ashes  of 
the  urine,  gives  very  unsatisfactory  results,  for  a  considerable  quan- 
tity of  the  chlorine  is  usually  dissipated  during  the  process  of  incinera- 
tion. Consequently  all  the  calculations  formerly  made  by  this 
process  are  untrustworthy  and  useless.  It  is  quite  immaterial, 
whether  the  result  obtained  is  reckoned  from  the  chlorine  or  from 
the  chloride  of  sodium ;  although  in  many  cases  it  is  certain,  that 
the  whole  of  the  chlorine  contained  in  the  urine  is  not  combined 
with  sodium.  Care,  however,  should  be  taken  not  to  compare  tables 
of  figures  which  indicate  chlorine  with  those  which  indicate  chloride 
of  sodium ;  this  has  happened  occasionally,  and  led  to  confusion ; 
some  writers  giving  their  calculations  in  chlorine  and  others  in 
chloride  of  sodium  (Na  CI). 

In  order  to  judge  whether  there  is  any  abnormal  increase  or  dimi- 
nution in  the  quantity  of  chlorine  secreted  with  the  urine,  it  is 
necessary  that  we  should  know  what  is  the  mean  daily  quantity  of 
chlorine  evacuated  in  health.  Hegar  has  made  a  series  of  very 
careful  observations  on  the  daily  and  hourly  secretion  of  chlorine 
with  the  urine  in  seven  healthy  young  men.  The  average  daily  quantity 
of  chlorine  was  different  in  each  one,  and  varied  between  7 '4  and 
13*9  grammes.  The  mean  quantity  of  chlorine  daily  passed  with 
the  urine  of  a  grown-up  man,  was  about  10  grammes  (=  16'5 
grammes,  Na  CI),  and  hourly  about  0*44  gramme  (=  073,  Na 
CI).  These  figures  are  probably  somewhat  too  high,  for  the  per- 
sons upon  whom  the  experiments  were  made  were  most  of  them 
students,  accustomed  to  a  full  diet  and  highly-salted  food,  and  who 
drank  freely.  A  somewhat  lower  figure  would  be  more  correct  in 
the  case  of  most  healthy  adults,  about  6  to  8  grammes  of  clilorine 
( ==  10  to  13  grammes,  Na  CI)  daily,  and  0*25  to  0*33  gramme 
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of  chlorine  (=  0'41  to  0*54  gramme,  Na  CI)  hourly.  In  the 
case  of  women  and  children  the  quantity  of  chlorine  is  still  less. 

Bischoff  found  the  mean  daily  quantity  of  chlorine,  secreted  with 
the  urine  in  .a  well-fed  adult  man,  to  be  8*7  ;  in  a  woman,  43  years 
of  age,  5'5  ;  in  a  girl  of  18,  4-5  ;  in  a  boy  of  16  years,  5*3 ;  and  in 
a  boy  of  three  years,  0*8  grammes.  Becquerel  found,  in  the  ashes 
of  a  day^s  urine  of  a  healthy  person,  only  0*66  gramme  of  chlorine, 
a  result,  like  all  results  obtained  by  incineration,  which  is  value- 
less. 

Great  variations  in  the  daily  and  hourly  quantity  of  chlorine  thus 
separated  from  the  body,  occur  not  only  in  different  individuals,  but 
also  in  the  same  individual  when  in  health.  These  variations  follow 
a  distinct  law.  In  this  country,  the  maximum  quantity  of  chlorine 
is,  in  health,  secreted  during  the  afternoon,  the  minimum  during  the 
night. 

Hegar  found  the  mean  quantity  of  chlorine  secreted  hourly  in 
eight  persons  was  :  in  the  afternoon,  0*57 ;  in  the  night,  0*28;  and 
in  the  forenoon,  0*48  gramme.  He  also  observed  that  variations 
from  0*20  to  1*32  gramme  occurred  in  the  quantity  hourly  secreted 
by  the  same  persons,  so  that,  in  fact,  the  hourly  maximum  exceeded 
the  minimum  as  much  as  even  six  times. 

The  following  may  be  received  as  the  correct  answer  to  the 
question :  What  is  the  cause  of  the  increase  or  diminution  of 
the  chlorine  in  persons  in  health  ? 

1.  The  chief  source  of  the  chlorine  in  the  urine  is  undoubtedly 
the  salt  which  is  taken  with  the  food ;  consequently,  the  quantity 
met  with  in  the  urine  is  chiefly  regulated  by  the  quantity  of  salt 
thus  ingested.  Persons,  who  take  large  quantities  of  salt  food,  secrete 
a  large  average  quantity  of  chlorine ;  and  the  temporary  increased 
ingestion  of  chlorine-compounds  is  usually  followed  by  an  increased 
secretion  of  chlorine. 

The  greatest  hourly  average  quantity  of  chlorine  was  passed  by 
the  individuals  referred  to  in  the  above  experiments  during  the 
afternoon  and  evening;  and  the  reason  of  this  is  no  doubt  to  be 
ascribed  to  the  fact,  that  they  took  the  largest  quantity  of  salt  with 
their  chief  meal  at  the  middle  of  the  day,  a  portion  of  the  salt  being 
separated  from  the  body  very  soon  after  its  entrance  into  the  blood. 
Direct  experiments  also  show,  that  the  increased  ingestion  of 
chlorine  increases  the  secretion  of  chlorine  with  the  urine,  and  vice 
versa. 
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Falck  passed  daily  with  the  urine,  while  taking  highly- salted  food 
6*0  grammes  of  chlorine  on  the  first  day,  7*8  on  the  second,  and 
10-3  grammes  on  the  third  day ;  while  taking  non-salted  food,  he 
passed  2-5  grammes  on  the  first,  1'6  on  the  second,  and  0*9  on  the 
third  day. 

Several  persons,  for  the  sake  of  experiment,  took  salt,  but  not  in 
excessive  quantity.  In  all,  the  hourly  excretion  of  chlorine  with 
the  urine  was  increased;  it  rose  from  0'40  to  1*0,  and  even  to 
1*80  gramme.  In  some,  the  chlorine-salt  which  had  passed  into 
the  blood  was  rapidly  separated  from  the  body,  and  in  large 
quantities ;  in  others,  in  smaller  quantities  and  more  slowly. 

2.  The  secretion  of  chlorine  with  the  urine  does  not  depend  solely 
upon  the  ingestion  of  chlorine ;  it  may  be  diminished  or  increased 
through  other  circumstances  and  conditions  obtaining  within  the  body 
itself.  In  all  the  individuals,  under  Hegar^s  observation,  the  hourly 
increase  of  chlorine  was  much  greater  in  the  forenoon  (0'48)  than 
during  the  night  (0*28) ;  and  this  notwithstanding  that  one  of  them 
was  accustomed  to  take  a  highly-salted  meal  in  the  evening,  and 
nothing  but  a  glass  of  water  up  to  the  middle  of  the  following  day ; 
and  that  the  others  took  salted  food  in  the  evening,  and  food  (coffee 
and  roll)  containing  only  a  small  quantity  of  chlorine,  on  the  follow- 
ing morning.  In  all  of  them,  therefore,  the  body  must  have  con- 
tained more  chlorine  during  the  night,  than  in  the  forenoon.  Erom 
this  it  would  appear,  that  there  are  special  causes  in  action,  which 
lessen  the  secreting  action  of  the  kidneys  during  the  night,  and 
increase  it  during  the  forenoon.  These  causes  are,  doubtless,  in 
part,  rest  of  mind  and  body  during  sleep,  and  the  greater  activity 
of  the  nutritive  functions  in  the  morning — causes  which,  as  we  have 
already  seen,  exercise  a  similar  influence  over  the  quantity  of  the 
urine  and  of  the  urea.  In  the  case  of  a  person,  observed  by  Hegar, 
who  was  accustomed  to  continued  mental  labour  during  the  greater 
part  of  the  night,  it  appeared  that  the  average  hourly  quantity  of 
chlorine  passed  in  the  night  (0'47)  exceeded  that  of  the  morning 
urine  (0*44),  thus  corroborating  the  opinion  above  given.  I  have 
also  often  observed,  that  the  secretion  of  chlorine  is  temporarily 
increased  by  any  extra  exertion  of  mind  or  body.  In  the  same  way 
large  draughts  of  water,  whereby  the  action  of  the  kidneys  is  excited, 
and  the  quantity  of  the  urine  and  the  excretion  of  the  urea  augmented, 
also  as  a  rule,  temporarily  increase  the  secretion  of  chlorine — a  dimi- 
nution or  remission  of  the  activity  usually  following. 
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Examples. — H.  drank  in  the  evening  four  glasses  of  water.  The 
liourlj  average  secretion  of  chlorine,  which  in  him  was  only  0.13 
during  the  night,  rose  in  the  first  hours  to  0*60,  then  fell  to  0*12, 
and,  later  still,  to  0*10  gramme ; — in  the  morning  it  again  rose  to 
0*51,  without  any  food  or  drink  having  been  taken,  under  the  in- 
fluence of  increased  nutritive  changes  caused  by  riding. 

H.  Y.  drank  four  glasses  of  water  in  the  afternoon.  The  hourly 
average  secretion  of  chlorine  during  the  evening  was  1*89,  and 
amounted  during  the  night  to  0'57  (instead  of  0*38  gramme). 
In  the  morning,  two  more  glasses  of  water  were  taken ;  but  the 
quantity  of  chlorine  remained  less  than  normal  (0*42)  during  the 
whole  day:  during  the  night,  indeed,  it  fell  to  0'014:; — in  the 
morning  it  again  rose  somewhat  (to  0*22),  then  fell  again  (to  0'18 
gramme),  notwithstanding  that  bread  and  butter  had  been  taken 
with  a  considerable  quantity  of  salt. 

These  facts  show  clearly  that  the  amount  of  chlorine  secreted  does 
not  depend  solely  upon  the  quantity  of  chlorine  ingested,  but  that  it 
is  influenced  by  other  causes,  and  especially  by  those  which  increase 
or  diminish  the  action  of  the  kidneys,  and,  consequently,  the  quantity 
of  urine  and  the  amount  of  urea.  It  is,  however,  very  difiicult  to 
calculate  accurately  the  amount  of  influence  thus  exercised  over  the 
secretion  of  the  chlorine,  and  especially  in  any  particular  case.  In 
attempting  this,  we  must  either  supply  the  individual  experimented 
on  with  food  perfectly  free  from  chlorine — whereby,  indeed,  it  must 
be  admitted  that  the  correctness  and  utility  of  the  results  must  be 
much  disturbed;  or  the  observer  must  take  the  trouble  of  accu- 
rately measuring  the  amount  of  chlorine  contained  in  the  food 
taken  during  the  time  of  the  experiment,  as  was  done  by  Barral  in 
some  of  his  excellent  observations."^ 

We  will  now  consider  the  secretion  of  chlorine  in  disease.  On 
this  ponit  I  have  myself  made  a  considerable  number  of  experi- 
ments, and  have  had  experiments  made  by  others.  The  results 
obtained  are  as  follows  : — 

1.  In  all  acute  febrile  diseases  the  secretion  of  chlorine  with  the 
urine  rapidly  diminishes,  the  quantity  sinking  to  a  minimum,  so  as 
sometimes  to  form  scarcely  one  hundredth  of  its  normal  standard. 
The  quantity  increases  as  the  disease  passes  away,  and  during  con- 
valescence is  occasionally  greater  than   normal.     Its   curve   runs, 

*  J.  A.  Barral.  Statique  chimique  des  animaux,  appliquee  specialment  a 
la  question  du  sel.    Paris,  1850. 
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for  the  most  part,  parallel  with  that  of  the  quantity  of  urine,  usually 
in  an  inverse  sense,  like  the  curve  of  the  specific  gravity  and  colouring- 
matter  of  the  urine,  which  is  generally  opposed  to  that  of  the  urea 
at  first,  but  frequently  becomes  parallel  during  convalescence. 

Examples.  The  chlorine  rapidly  diminished  in  a  man  suffering 
from  acute  pleuro-pneumonia  ; — it  amounted  to  0'6  daily  three 
days  after  the  commencement  of  the  attack;  the  next  day  to  0*3 
gramme,  and  on  the  next  almost  reached  0 ; — from  this  point  it  con- 
tinually increased ;  and,  with  tolerable  regularity,  as  the  disease 
passed  away,  and  the  appetite  returned,  until  it  reached  the  normal 
standard  (0-4 — 1*8 — 2-6 — 5'5 — 9'0).  At  this  point  the  curve 
became  irregular,  and  occasionally  exceeded  the  normal  (10'7 — 13'5 
—9-7— 11-9— 15'9— 10-8). 

In  a  case  of  typhus  the  chlorine  rapidly  fell  to  a  minimum,  and 
remained  several  days  at  0.  It  then  gradually  rose,  as  the  disease 
passed  away,  but  with  variations,  until  it  reached  the  normal 
standard. 

In  a  woman  suffering  from  acute  rheumatism  and  pericarditis, 
the  chlorine  fell,  during  the  height  of  the  fever,  to  1*0,  and  then 
gradually  rose  during  convalescence,  to  6*3  grammes. 

In  a  young  man  suffering  from  severe  febrile  bronchial  catarrh, 
it  rapidly  fell  to  0*8,  and  then,  within  five  days,  rose  to  10*6 
grammes. 

In  an  old  man,  also  suffering  from  febrile  bronchial  catarrh,  it 
fell  to  1*1,  and  then,  during  convalescence,  under  the  influence  of 
good  living,  attained  the  enormous  height  of  20*5  grammes. 

In  a  man  attacked  with  exudative  pleurisy,  scarcely  a  trace  of  it 
was  to  be  found  in  the  urine  :  it  then  returned,  and  rose,  with  va- 
riations, without,  however,  reaching  any  high  number  (3*0 — 3*2 — 
4-8— 1-6— 4-0— 4-5— 4-9— 4-6). 

The  cause  of  this  great  diminution  of  the  secretion  of  chlorine 
in  all  acute  febrile  diseases  depends  chiefly  upon  the  loss  of  the  ap- 
petite, and  the  saltless  nature  of  the  diet  of  the  patients.  In  ad- 
dition to  this,  there  are  also,  occasionally,  abstractions  of  chlorine 
from  the  blood,  as  in  serous  diarrhoea,  exudations,  &c.  Under  all 
these  conditions,  the  chlorine  of  the  blood  is  manifestly  dimi- 
nished ;  and,  as  we  see  happens  in  health,  any  excess  of  chlorine  in 
the  blood  is  separated  by  the  kidneys,  it  becomes  plain  enough  why 
the  chlorine  of  the  urine  should  be  diminished.  The  excretion 
of  chlorine  is  also,  to  a  certain  extent,  dependent  upon  the  quantity 
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of  urine ;  and  as  in  all  acute  febrile  diseases  the  quantity  of  the 
urine  is  considerably  lessened,  we  must  suppose  that  the  diminished 
quantity  of  chlorine  in  such  cases  is  in  some  way  connected  with  the 
diminished  quantity  of  urine. 

Since  the  above  conclusions,  based  on  my  own  numerous  obser- 
vations respecting  the  secretion  of  chlorine  with  the  urine  in  disease, 
have  been  published,  many  other  memoirs  have  appeared  on  the 
subject :  for  example,  those  already  referred  to,  by  A.  Yogel,  Moos, 
and  Brattler,  on  the  subject  of  urea,  which  also  speak  of  the  excretion 
of  chlorine.  They  confirm,  in  all  main  points,  the  conclusions  above 
given ;  showing,  in  particular,  that  it  is  not  in  any  particular  disease, 
as  in  pneumonia  for  example,  that  the  diminution  of  chlorine  in 
the  urine  is  observed,  but  in  entire  classes  of  diseases.  They  also 
show  that  the  diminution  or  disappearance  of  chlorine-compounds 
in  the  urine  cannot  be  employed  for  the  purposes  of  differential 
diagnosis,  as  some  would  have  it :  as,  for  instance,  in  pneumonia. 
My  observations  have  also  been  confirmed  by  those  of  Howitz,  and 
F.  Hoppe  {Deutsche  Klinik,  1858,  No.  52)  in  reference  to  the  fact 
that  this  diminution  of  the  chlorine  depends  especially  upon  dimi- 
nished ingestion  of  chlorine  (the  other  above-mentioned  causes  being, 
of  course,  also  taken  into  consideration) . 

An  exception  to  the  law,  Avhich  holds  good  in  all  other  acute 
diseases,  occurs  in  the  case  of  intermittent  fevers.  During  the 
paroxysms  of  these  fevers,  and  sometimes  for  a  short  time  after 
them,  but  more  rarely  before  their  occurrence,  the  secretion  of  the 
chlorine  is  usually  increased,  and  in  some  cases  to  a  very  great 
degree. 

Examples. — W.  K.  was  attacked  with  a  tertian  fever.  A  short 
time  before  the  attack,  the  hourly  quantity  of  chloride  of  sodium 
evacuated  with  the  urine  was  0*07  ;  during  the  attack  it  rose  to  0*62 
gramme,  then  fell  to  0*39,  and,  during  the  interval,  to  0*17  gramme. 
During  the  subsequent  attack,  the  quantity  again  rose  to  0-93,  and 
during  the  interval  again  fell  to  0*04  gramme. 

A.  S.  sufl^ered  from  tertian  fever.  The  hourly  quantity  of 
chloride  of  sodium,  before  the  attack,  was  0-05; — during  the 
attack  it  was  increased  to  2*5  ( ! ) ;  afterwards  fell  to  0*12  gramme, 
and  gradually  rose  to  the  normal  standard,  when  the  fever  ceased. 

A.  C.  had  tertian  fever.  The  hourly  quantity  of  chloride  of 
sodium  secreted  shortly  before  the  attack  was  0-42,  during  the  attack 
it  was  1*30,  and  then  fell  to  0*15  gramme.    It  again  increased  towards 


400  QUANTITATIVE  ANALYSIS 

the  conclusion  of  the  inverval,  reached  its  maximum  this  time  shortly 
before  the  commencement  of  the  fever,  and  then  again  fell  to  0*08 
gramme. 

The  same  thing  naturally  occurs  also  in  women.  Auguste  S. 
suffered  from  tertian  fever.  The  hourly  secretion  of  chlorine  shortly 
before  the  attack  was  0'15,  during  the  attack  it  reached  the  enormous 
quantity  of  4*12,  and  after  the  paroxysm  again  fell  to  0'06  gramme. 

The  mean  daily  quantity  of  chloride  of  sodium  secreted  with  the 
urine  in  intermittent  fever  is  somewhat  less  than  normal,  but  does  not 
show  for  any  length  of  time  the  marked  diminution  observed  in  other 
acute  diseases.  This  probably  depends  upon  the  fact,  that  patients 
suffering  from  intermittent  fever  have  generally  a  good  appetite 
during  the  interval  of  the  attacks,  and  take  ordinary  salted  food. 
The  increase  of  the  secretion  of  salt  during  the  attack  may  perhaps 
be  attributed  to  an  increased  pressure  of  the  blood  in  the  blood- 
vessels of  the  Malpighian  bodies  of  the  kidneys  during  the  cold  stage 
of  the  fever.  A  diminution  of  the  salt  in  the  urine  would  naturally 
follow  its  increased  secretion,  the  blood  necessarily  containing  a 
diminished  quantity  of  salt. 

2.  In  chronic  diseases  the  quantity  of  chlorine  secreted  with  the 
urine  varies  much.  It  is  generally  diminished,  in  correspondence 
with  the  enfeebled  assimilating  powers,  and  with  the  smaller  quantity 
of  food  taken  by  such  patients.  In  some  rare  cases,  on  the  other 
hand,  it  is  increased.  Some  diseases  which  come  under  this  head 
are  of  especial  interest  in  this  respect,  and  deserve  a  closer  consi- 
deration. 

In  diabetes  insipidus,  together  with  an  increase  of  the  quantity  of 
urine,  as  well  as  of  its  solid  constituents,  there  is  very  frequently  an 
increase  of  the  chlorine,  the  increase  being  either  temporary  or  last- 
ing for  some  time.  In  a  case  of  this  kind  I  found  the  quantity  of 
chlorine  so  much  increased  for  some  time  as  to  reach  in  one  day  the 
excessive  sum  of  29  grammes. 

In  dropsical  patients,  when  the  urinary  secretion  is  partially  sup- 
pressed, a  portion  of  the  chloride  of  sodium  is  retained  in  the  body, 
and  is  transuded  into  the  tissues  with  the  dropsical  effusion.  If 
diuresis  follows,  the  secretion  of  chlorine  increases,  and  sometimes 
to  an  enormous  amount.  A  patient  in  this  way  evacuated  on  three 
consecutive  days  33  (=55  grammes,  Na  CI),  28,  and  21  grammes 
of  chlorine.  In  another  case,  the  secretion  of  chlorine  increased, 
under  the  influence  of  a  decoction  of  digitalis,  from  4  to  27  grammes 
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in  24  hours^  without  any  addition  whatever  to  the  quantity  of  chlorine 
taken  into  the  body.  That  which,  in  the  first  class  of  cases,  in  diabetes, 
tends  to  the  injury  of  the  body  by  the  abstraction  of  its  necessary 
constituents,  acts  in  the  last  case,  in  dropsy,  as  a  cure,  by  removing 
the  superabundant  matters.  A  certain  quantity  of  chloride  of  sodium 
appears  to  be  absolutely  requisite  for  the  production  of  many  of 
the  secretions,  for  the  purposes  of  assimilation,  the  secretion  of  the 
gastric  juice,  of  the  bile,  and  for  the  formation  of  many  of  the 
tissues — especially  of  the  cartilages? — and,  on  the  other  hand,  an 
excess  of  chloride  of  sodium  in  the  body  may  act  hurtfuUy,  and  in 
particular,  by  interference  with  the  blood-formation  and  destruction 
of  the  albumen."^ 

The  quantitative  analysis  of  the  chlorine  of  the  urine  offers,  in 
the  present  state  of  our  knowledge,  the  following  points  for  con- 
sideration : — 

In  all  acute  diseases,  a  constant  diminution  of  the  chlorine  indicates 
an  increment  of  the  disease,  and  a  gradual  increase  of  the  chlorine 
its  decline.  When  the  quantity  of  chlorine  reaches  a  minimum 
figure — less  than  0*5  gramme  daily — we  may  conclude  that  the 
disease  is  intense,  that  there  is  an  entire  absence  of  appetite,  and 
under  certain  circumstances  that  the  patient  has  suffered  from  copious 
diarrhoea,  or  serous  exudations.  The  reappearance  of  the  chlorine 
in  the  urine  enables  us  to  form  tolerably  sure  conclusions  as  to  the 
state  of  the  appetite  and  of  the  digestive  powers  of  the  patient.  In 
cases  of  this  kind  an  approximative  calculation  of  the  chlorine  usually 
sufiices;  and  an  error  of  from  50  to  60  per  cent,  is  not  of  much 
importance  in  those  cases  in  which  the  secretion  of  chlorine  is  very 
small. 

A  knowledge  of  the  quantity  of  chlorine  in  the  urine  in  chro7iic 
diseases  is  of  importance  to  the  physician,  because  it  affords  him  in 
most  cases  a  tolerably  sure  measure  of  the  digestive  powers  of  the 
sick  person.  The  presence  of  a  large  quantity  of  chlorine,  6  to  10 
grammes  daily,  indicates  good  digestion ;  a  small  quantity,  under  5 
grammes,  indicates  weak  digestion,  provided  that  in  such  cases  large 
quantities  of  chlorine  are  not  separated  from  the  body  by  any  other 
means,  by  watery  stools  or  exudations ;  and  provided  also  that  the 
diet  of  the  patient  is  not  such  that  only  very  little  chlorine  is  ingested. 
A  great  increase  in   the  secretion   of   chlorine,    above  15    to    20 

*  I  have  more  fully  explained  this  last  fact  in  Virchow's  Handhiich  dcr 
Hpec.  Pathol,  unci  Therap.  vol.  i.  p.  404. 

dd 


402  QUANTITATIVE  ANALYSIS 

grammes,  indidates  diabetes  insipidus,  provided  the  quantity  of 
chlorine  ingested  has  not  been  especially  increased  by  food  or  medi- 
cine. Its  increase  is  a  favourable  sign  only  in  cases  of  hydrsemia 
and  dropsy.  By  observation  of  the  other  constituents  of  the  urine,  we 
are  often  able  to  confirm  or  to  modify  the  conclusions  which  have 
been  arrived  at  by  the  observation  of  the  quantity  of  chlorine. 


SECTION  cxxi. 

SuLPHUEic  Acid. 

G.  Gruner. — Die  Ausscheidung  der  Schwefelsdure  dureh  den  Ham. 

Giessen,    1852.    (The  Excretion   of  Sulphuric  Acid  with   the 

Urine.) 
Wald.    Clare. — Experimenta   de  excretione   acidi   Sulfurici   per 

TJrinam,    Dorpat,  1854.    (Experiments  concerning  the  Excretion 

of  Sulphuric  Acid  with  the  Urine.) 
P.  Sick. —  Vers,  uber  die  Ahhdngigheit  des  Schwefelsduregehalts  des 

Urines  von  der  Schwefelsdurezufiihr.  Inaug.  Abdhl.      Tiibingen, 

1859.    (Researches  concerning  the  dependence  of  the  Sulphuric 

Acid  in  the  Urine  upon  the  Sulphuric  Acid  ingested.) 

The  methods  employed  for  the  determination  of  sulphuric  acid  in 
urine  have  been  described  in  Sect.  lxiv.  Both  the  methods,  by 
weighing  and  by  volumetrical  analysis,  when  carefully  conducted 
yield  satisfactory  results.  The  volumetrical  process,  without  boiling, 
which  is  generally  inconvenient  to  the  physician,  is  the  most  rapidly 
performed ;  the  result,  however,  is  not  very  accurate,  for  error  even  to 
10  per  cent,  may  occur  in  its  use.  An  approximative  analysis  may  be 
more  rapidly  carried  out,  and  although  it  is  far  from  giving  an 
accurate  estimation  of  the  quantity  of  sulphuric  acid  in  the  urine, 
generally  suffices  for  the  physician^s  purposes;  it  shows  merely 
whether  the  sulphuric  acid  exceeds  or  is  less  than  a  certain  quantity. 
An  example  will  show  the  principle  and  the  mode  of  carrying  it 
into  practice. 

We  will  suppose,  that  the  physician  wishes  to  know  whether  the 
quantity  of  sulphuric  acid  separated  with  the  urine  of  a  sick  person 
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is  much  increased  or  much  diminished.  The  average  daily  normal 
quantity  of  sulphuric  acid  in  the  urine  is  about  2  grammes.  The 
patient,  whose  urine  is  to  be  examined,  has  passed  2000  C.  C.  of 
urine  in  the  24  hours.  If  this  quantity  contains  the  normal  amount 
of  2  grammes,  100  C.  C.  would  contain  0*10  gramme  of  sulphuric 
acid.  To  the  100  C.  C,  rendered  acid,  as  much  chloride  of  barium 
is  added  as  corresponds  with  0*05  gramme  of  the  acid,  and  the  mix- 
ture is  filtered.  If  the  filtrate  is  not  made  turbid  by  chloride  of 
barium,  we  may  conclude  that  the  patient  has  secreted  less  than  1 
gramme  of  sulphuric  acid  in  the  24  hours,  and  consequently  that  the 
secretion  of  sulphuric  acid  is  considerably  diminished.  But  if  the 
filtrate  is  rendered  turbid  by  chloride  of  barium,  then  a  further 
quantity  of  the  chloride — corresponding  with  0*5  gramme  of  sul- 
phuric acid — is  again  added  to  it ;  and  if  the  filtrate  is  still  rendered 
turbid  by  chloride  of  barium,  it  is  clear  the  quantity  of  sulphuric  acid 
is  greater  than  normal. 

Approximative  analyses  of  this  kind,  which  are  often  quite 
sufficient  for  the  purposes  of  the  physician,  may  be  performed  in  a 
few  minutes  in  the  clinical  ward,  at  the  bedside  of  the  patient. 
Even  in  cases  in  which  a  more  accurate  calculation  is  required,  this 
simple  process  may  be  advantageously  resorted  to,  preparatory  to  a 
more  minute  investigation. 

The  mean  quantity  of  sulphuric  acid  separated  with  the  urine  in 
health  has  been  pretty  accurately  determined  by  different  observers. 
Thus  Gruner  found,  from  experiments  made  upon  seven  young  men 
at  Giessen,  that  the  mean  daily  average  was  2*094 .  Those  of  the 
seven,  who  passed  the  smallest  quantity,  secreted  an  average  of  1*509  ; 
those  who  passed  the  largest  quantity,  an  average  of  2*485  grammes; 
and  thus,  calculated  for  each  100  kilogrammes  of  the  weight  of  the 
body,  a  mean  of  3*19,  a  minimum  of  2*04,  and  a  maximum  of  3*73  ; 
and  for  every  100  centimetres  of  height  of  body,  a  mean  of  1*18,  a 
minimum  of  0*85,  and  a  maximum  of  1*35.  Clare  found,  in  the  case 
of  a  young  man  living  at  Dorpat,  the  mean  daily  average  of  15  days^ 
secretion  of  sulphuric  acid  was  2*288,  the  minimum  1*858,  and  the 
maximum  2*973  grammes.  Neubauer  found,  in  two  men  living  in 
Wiesbaden,  that  in  the  one  the  daily  average  of  17  days'  secretion 
was  2*27,  the  minimum  1*70,  and  the  maximum  3*20  grammes; 
and,  in  the  other,  the  average  of  22  days  was  2*27,  the  minimum 
1*70,  and  the  maximum  3*20.  Sick  found  that  the  average  in  him- 
self was  2*46.    Prom  this  it  appears,  that  the  mean  daily  average  of 
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sulphuric  acid  secreted  with  the  urine  in  healthy  well-nourished  men 
varies  from  1*50  to  2*50  grammes. 

Gruner  and  I  have  also  made  experiments  concerning  the  hourly 
secretion  of  sulphuric  acid  in  health  and  its  variations.  Erom  these 
we  conclude,  that  the  general  mean  quantity  per  hour  is  about 
0-090,  the  mean  for  the  afternoon  0*108,  for  the  night  O'OTO,  and 
for  the  forenoon  0*063  gramme.  Hence  follows  the  general  law, 
that  the  separation  of  sulphuric  acid  is  greatest  a  few  hours  after  the 
chief  midday  meal,  and  that  it  then  constantly  decreases  up  to  the  time 
of  the  chief  meal  on  the  following  day,  when  it  again  begins  to  increase. 
In  different  individuals,  however,  the  secretion  of  the  sulphuric 
acid,  which  has  been  ingested  with  the  food,  goes  on  with  greater  or 
less  energy,  and  quicker  or  slower ;  hence  the  sulphuric  acid  curve  is 
more  or  less  pronounced.  The  difference  in  the  hourly  secretion  of 
sulphuric  acid  is,  however,  very  great  in  the  same  individual. 
Thus  a  person  excreted  a  maximum  of  0*165  gramme  during  one 
hour,  and  at  another  time  during  two  hours,  a  quantity  so  small  as 
to  be  scarcely  appreciable,  or  at  most  not  exceeding  2  milligrammes. 
In  another  person,  the  hourly  maximum  was  0*317,  and  immediately 
afterwards  the  quantity  was  only  0*016  gramme  per  hour. 

Numerous  experiments  have  also  been  made  for  the  purpose  of 
showing  the  causes  which  occasion  an  increase  or  diminution  of  the 
excretion  of  sulphuric  acid  in  health.  Prom  what  has  been  already 
stated,  it  is  clear  that  the  amount  of  the  hourly  secretion  of  sulphuric 
acid  depends  essentially  upon  the  quantity  of  the  acid  which  has  been 
ingested  with  the  food,  or  of  other  compounds  containing  sulphur, 
which  have  been  converted  into  sulphuric  acid  within  the  body.  It 
has  also  been  shown  by  experiment,  that  compounds  of  sulphur,  which 
have  been  introduced  into  the  body  as  medicines,  &c.,  cause  an  in- 
crease of  the  secretion  of  sulphuric  acid.  What  has  been  hitherto 
ascertained  on  this  subject  may  be  gathered  from  the  following 
facts : — 

J .  The  secretion  of  sulphuric  acid  is  increased  by  the  introduction 
into  the  body  of  sulphuric  acid,  of  sulphates,  and  of  other  sulphur- 
compounds,  whose  sulphur  is  capable  of  being  oxidised  in  the  body, 
and  converted  into  sulphuric  acid. 

Examples. — The  daily  quantity  of  sulphuric  acid  was  increased 
from  1*2  to  3*0,  and  even  to  3*28  grammes,  in  a  patient  who  had 
taken  sulphuric  acid  for  a  long  time  on  account  of  hseraoptysis. 

In  numerous  experiments  the  hourly  secretion  of  sulphuric  acid 
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was  considerably  increased  by  the  ingestion  of  sulphate  of  soda ;  in 
one  experiment  from  0-049  to  0*122 —0'176— 0*145  —  0*220  ; 
and  in  another,  from  0*041  to  0*138  — 0*122 —  0*164  gramme. 
The  increase  of  the  acid  was  observed  at  longer  or  shorter  intervals ; 
or  ill  other  words,  the  sulphuric  acid  ingested  was  secreted  from  the 
body  in  some  instances  more  rapidly  than  in  others.    (Gruner.) 

According  to  Krause,  the  sulphuric  acid  is  increased  in  the  urine 
by  the  internal  use  of  sulphur ;  and  so  also,  according  to  the  experi- 
ments of  Boecker  and  Clare,  after  the  administration  of  large  doses  of 
sulphuret  of  antimony. 

The  researches  of  Sick  show,  that  small  doses  of  sulphate  of  soda, 
taken  internally,  are  completely  taken  up,  and  afterwards  evacuated 
with  urine,  but  that  when  large  doses  are  taken,  a  part  only  of  the  salt 
is  separated  with  the  urine.  This  is  what  we  should  naturally  expect 
from  the  purgative  action  of  large  doses  of  sulphate  of  soda. 

2.  The  secretion  of  sulphuric  acid  is  markedly  increased  by  a  full 
meat  diet.  This  fact  may  be  explained  by  the  supposition,  that  the 
sulphur  contained  in  the  proteine  compounds  is  separated  during 
digestion,  and  by  oxidation  is  gradually  converted  into  sulphuric 
acid  in  the  blood,  and  then  secreted  as  such  with  the  urine.  This  in- 
crease of  the  acid  in  the  urine  sometimes  takes  place  in  a  few  hours, 
after  the  ingestion  of  meat,  and  sometimes  not  until  long  after,  12 
to  24  hours ;  the  difference  is  probably  to  be  ascribed  to  the  digestion, 
whether  it  is  slowly  or  quickly  performed.  The  secretion  of  sulphuric 
acid  is  diminished  by  a  vegetable  diet. 

Examples. — A  person,  who  had  taken  in  the  evening  a  full  dinner, 
consisting  chiefly  of  meat,  passed,  between  1 2  o^ clock  at  night  and  9 
in  the  morning,  0*50  of  sulphuric  acid  per  hour  instead  of  0*10  j 
and  during  the  following  24  hours  the  quantity  greatly  exceeded 
the  normal,  being  7*3  instead  of  2*02  grammes. 

Several  persons  whose  excretions  I  examined,  constantly  passed  more 
sulphuric  acid  after  taking  meat  on  the  previous  evening  than  when 
they  had  taken  only  bread  and  butter,  rice  broth,  and  so  forth. 

The  experiments  made  by  Clare  upon  himself  are  very  instruc- 
tive. During  3  days  he  took  only  animal  food,  and  passed  on  the 
first  day  2*094,  on  the  second  5*130,  and  on  the  third  3*868  grammes 
of  sulphuric  acid.  He  then  took  ordinary  food  during  2  days,  and 
passed  the  first  day  3*592,  and  on  the  second  2*262  grammes  of  it. 
On  the  3  following  days,  during  which  he  lived  upon  vegetables,  the 
acid  amounted,  on  the  first  day,  to  2*262,  on  the  second,  to  1*394, 
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and  on  the  third  to  1'022 ;  and  on  the  2  next  days,  on  ordinary  diet, 
to  1*979  and  2'859  grammes.  From  this  it  appears,  that  the  in- 
crease of  the  sulphuric  acid  caused  by  animal  food  first  appeared  on 
the  second  day,  but  continued  during  the  first  day  of  the  ordinary 
diet ;  and  just  in  the  same  way  that  the  diminution  of  the  acid,  pro- 
duced by  the  vegetable  diet,  first  showed  itself  on  the  second  day, 
and  also  continued  during  the  first  day  of  the  ordinary  diet.  Here, 
however,  the  phenomenon  occurred  later  than  in  the  cases  observed 
by  me,  probably  on  account  of  some  individual  idiosyncrasy.  A  sub- 
sequent experiment  made  by  Clare,  viz.  taking  meat  and  vegetables 
on  alternate  days,  was,  however,  without  definite  results. 

3.  Does  the  amount  of  sulphuric  acid  excreted  with  the  urine  in- 
variably and  solely  depend  upon  the  amount  ingested,  or  (as  has  been 
already  shown  in  the  case  of  chloride  of  sodium),  is  its  increase 
or  diminution  sometimes  affected  by  other  circumstances  ?  Does 
the  body,  for  instance,  sometimes  part  with  a  portion  of  the  sulphur 
or  sulphuric  acid,  normally  belonging  to  it,  so  as  thereby  to 
contain  less  than  its  normal  amount  of  these  constituents ;  or,  on  the 
other  hand,  is  a  portion  of  the  sulphuric  acid  ingested  retained  in 
the  body  under  certain  circumstances,  rendering  the  quantity  abnor- 
mally large  ?  These  questions  have  not  yet  been  satisfactorily 
answered.  Gruner  and  Clare  have  endeavoured  to  ascertain, 
experimentally,  whether  rest  or  violent  exercise  influence  the  secre- 
tion of  sulphuric  acid ;  but  their  researches  have  not  yielded  any 
satisfactory  results.  Large  draughts  of  water,  which  materially 
increase  the  secretion  of  urea  and  chloride  of  sodium,  had  no 
marked  influence  over  the  secretion  of  sulphuric  acid.  We  are 
not,  however,  justified  in  concluding  from  these  experiments,  that  the 
secretion  of  acid  is  not  affected  by  such  influences ;  for  their  power 
maybe  very  slight,  or,  in  the  experiments  referred  to,  may  have  been 
counteracted  by  opposing  agencies.  The  fact  above  mentioned,  viz., 
that  sulphates  and  the  sulphur  contained  in  flesh,  when  ingested,  are 
secreted  more  rapidly  in  some  persons  than  they  are  in  others, 
renders  it  exceedingly  probable,  that  there  are  other  conditions  or 
forces  inherent  in  the  body  itself,  which  regulate  its  secretion, 
and  that  these  forces  are  different  in  different  persons,  and  in  the 
same  person  at  different  times. 

Then,  again,  the  well-known  fact,  that  the  sulphates  taken  for  a 
long  time  in  doses  which  are  capable  of  being  digested,  have  un- 
doubtedly an  enfeebling  influence,  is,  in  my  opinion,  a  proof  that 
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under  certain  conditions,  a  larger  quantity  of  them  than  normal  may 
be  retained  in  the  body.  To  obtain  a  satisfactory  answer  to  these 
questions,  it  is  necessary  either  to  determine  accurately  the  amount 
of  sulphur  or  sulphuric  acid  in  the  blood  and  the  other  parts  of  the 
body  under  different  conditions,  or  to  determine  quantitatively  the 
amount  of  sulphuric  acid  taken  into  the  body  as  well  as  the  quantity 
excreted.  Both  requirements  are,  however,  so  difficult  of  fulfilment, 
that  it  is  probable  the  questions  above  proposed  will  remain  long 
unsolved. 

I  have  made  several  experiments  concerning  the  excretion  of  sul- 
phuric acid  in  the  sick ;  but  have  not  as  yet  obtained  any  particular 
results.  I  found  that  it  was  much  diminished  in  most  acute  febrile 
diseases ;  the  diminution  no  doubt  depending  upon  the  low  diet  and 
vegetable  food  of  such  patients. 

Examples. — A  man  suffering  from  buccal  diphtheritis,  with  much 
fever,  secreted  in  24  hours  only  0*5  gramme  of  sulphuric  acid. 
A  patient  with  febrile  catarrh,  0*29  and  0*38  gramme.  A  patient 
with  pleurisy,  0*63  gramme.  An  exception  was,  however,  observed 
in  three  cases  of  severe  pneumonia ;  in  these  the  acid  was  in  part 
slightly  diminished,  and  in  part  considerably  increased.  One  of 
them,  who  had  been  treated  with  large  doses  of  digitaHs,  passed  2*4, 
3-1,  2-9,  5-7,  4-3,  1-8,  1-1,  1-6,  and  2-7  grammes.  The  pneu- 
monia was  rapidly  fatal  in  the  other  two  cases ;  in  the  one,  2*9  and 
1*4,  and  in  the  other  4*4  grammes  were  passed  on  the  day  the 
patient  died. 

A  young  girl  with  acute  rheumatic  fever  secreted  0*8  gramme 
when  the  fever  was  at  its  height.  One  with  erysipelas  of  the  face, 
0*48  gramme. 

In  chronic  diseases  the  secretion  of  sulphuric  acid  was  in  many 
cases  very  small,  in  others  somewhat  larger,  but  generally  much 
beneath  the  normal.  It  is  generally  less  than  normal  in  the  dropsi- 
cal, in  whom,  however,  the  excretion  of  chlorine  is  greatly  increased 
during  diuresis.  In  chronic  diseases  I  found  the  acid  increased  only 
after  the  use  of  sulphuric  acid  or  of  sulphates,  and  in  diabetic  patients 
living  on  a  rich  animal  diet. 

Examples. — A  patient,  with  icterus,  passed  I '4;  another,  with 
rheumatism  of  the  neck,  I'll;  a  patient  with  emphysema  of  the 
lungs,  1*2;  another  with  amenorrhcea,  0"5;  a  girl  with  fluor  albus,  0*7 ; 
a  patient  with  Habitual  menorrhagia,  0*97  to  1*1  gramme  of  sul- 
phuric acid.     A  dropsical  patient,  who,  when  diuresis  had  begun. 
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passed  with  the  urine  33  grammes  of  chlorine  in  24?  hours,  secreted 
in  the  same  time  only  1*0  gramme  of  sulphuric  acid,  and  on  the  fol- 
lowing day  (during  which  he  passed  28  grammes  of  chlorine)  only 
0*5  gramme  of  the  acid.  A  patient,  who  took  sulphuric  acid, 
secreted  upwards  of  3  grammes  in  24  hours ;  and  a  patient  suffering 
from  diabetes  insipidus  as  much  as  5*2  grammes. 

According  to  Dr.  B.  Jones,  the  sulphates  are  much  increased  in 
the  urine  in  diseases  in  which  the  muscular  system  is  much  engaged ; 
in  chorea,  for  example ;  and  so  also  in  diseases  of  the  brain,  both 
functional  and  organic — in  delirium  and  in  inflammation.  Heller 
asserts  the  same  as  regards  inflammatory  diseases ;  but  he  states  that 
the  sulphuric  acid  is  diminished  in  chlorosis,  neurosis,  and  in  chronic 
diseases  of  the  kidneys  and  the  spinal  marrow.  The  methods, 
however,  followed  by  both  these  observers  were  not  of  a  kind  to 
settle  this  difficult  question.  Some  observations  made  by  Lehmann 
and  Gruner  are  not  favourable  to  their  views.  Observations  made 
by  myself  in  those  diseases  are  not  numerous  enough  to  yield  any 
definite  result.  The  three  cases  of  pneumonia,  above  mentioned, 
appear  to  show  distinctly  that  the  sulphuric  acid  is  increased  in  many 
inflammatory  diseases. 

From  the  present  state  of  our  knowledge  upon  the  subject  of  the 
increase  or  diminution  of  the  sulphuric  acid  in  the  urine,  the  follow- 
conclusions  may  be  drawn  : — 

1 .  A  considerable  diminution  of  the  sulphuric  acid  indicates  that 
the  patient  has  taken  very  little  food,  or  only  vegetables  without  any 
meat. 

2.  An  habitually  large  excretion  of  sulphuric  acid,  with  an 
excess  of  urea,  indicates  a  preponderance  of  animal  food.  A  tem- 
porary increase  indicates  the  ingestion  either  of  sulphur  or  of  sul- 
phuric acid  and  its  salts,  or  of  large  quantities  of  animal  food. 

3.  We  are  not  justified  in  considering  that  the  increased  secretion 
of  sulphuric  acid  depends  upon  an  abnormal  decomposition  of  the 
sulphur-compounds  of  the  body,  except  in  acute  febrile  diseases, 
during  which  little  or  nothing  has  been  taken  in  the  way  of  food. 
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Section  cxxii. 
Phosphoeic  Acid. 

A.WmTBR.-^Beiird^e  zurKentniss  der  UrinabsonderungheiGesunden . 

Giessen,  1852.     (Treatise  on  the  Secretion  of  Urine  in  Health.) 
F.  MosLER. — Beitrdge  zur  Kentniss  der  Urinabsonderung.    Giessen, 

1853.     (Treatise  on  the  Secretion  of  Urine.) 
W.  Brattler. — Ein  Beitrag  zur  Urologie.     Miinchen,  1858.     (A 

Treatise  on  Urology.) 
H.  Krabbe. —  Ueber  die  Menge  der  Phosphorsdure  im  Ham.,  &c. 

Virchovfs  Archivy  1857,  vol.  xi.  p.  478.     (On  the  Quantity  of 

Phosphoric  Acid  contained  in  the  Urine.) 

,  VON  Haxthausen. — Acidum  PkospAoricum  Urin^e  et  Excremen- 

torum.    Diss.    Inaug.    Halle,  1860.     (The  Phosphoric  Acid  in 

the  Urine  and  Eseces.) 


The  volumetrical  method  for  determining  quantitatively  the  phos- 
phoric acid  in  the  urine  with  per- chloride  of  iron  has  been  already 
described  in  Sections  lxi.  and  lxii.  It  unfortunately  does  not  give 
satisfactory  results.  Notwithstanding  the  greatest  care,  an  error  to 
the  extent  of  even  10  per  cent,  may  occur,  and  especially  so  if  the 
urine  contains  only  a  very  small  quantity  of  phosphoric  acid.  This 
has  been  pointed  out  in  the  Analytical  Examples.  But  there  are 
other  sources  of  error  to  which  the  observer  is  liable,  as  for  instance, 
that  of  taking  a  blue  speck  of  different  degrees  of  intensity  as  a  sign 
of  the  saturation,  or  of  allowing  some  time  to  elapse,  after  the  addition 
of  the  per-chloride  of  iron  solution,  before  proceeding  to  the  test. 
These  disturbing  causes  may  render  the  error  in  the  hands  of  an  un- 
skilful investigator  as  great  as  20  or  even  30  percent.  This  method, 
therefore,  is  only  of  service  for  approximative  calculations ;  and  is 
not  adapted  for  cases  where  accurate  results  are  required.  Conclu- 
sions derived  from  observations  made  according  to  it  are  only  to  be 
trusted  when  the  differences  obtained  exceed  30  per  cent.  Differences 
between  15  and  30  per  cent,  are  not  worthy  of  consideration  unless 
after  a  very  large  series  of  observations. 

The  new  process  with  oxide  of  uranium  (see  Section  lxi.)  is  de- 
cidedly preferable,  and  gives  much  more  accurate  results. 

The  observations  given  above,  and  those  which  follow,  were  most 
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of  them  obtained  by  means  of  the  old  process  with  per-chloride  of 
iron.  The  mean  conclusions^  however,  derived  from  them  agree  very 
well  with  observations  made  with  oxide  of  uranium  at  my  request 
by  H.  von  Haxthausen. 

Numerous  observations  have  been  made  concerning  the  daily  and 
hourly  secretion  of  phosphoric  acid  in  health.  Breed  found  in  four 
persons  3 "7  grammes  as  the  mean  quantity  passed  in  24  hours. 
Winter  found  in  one  person  3 "7,  in  a  second,  4*2  and  in  a  third 
5*2  grammes.  Mosler  found  in  the  same  individual  at  different 
times  2*4  and  3'7.  Neubauer  found  in  one  3*1,  and  in  another  only 
1*6.  Aubert  found  2*8.  Von  Haxthausen  found  the  mean  quantity 
in  a  large  number  of  observations  made  with  his  own  urine  to  be 
3'11  to  5*58  grammes. 

It  appears  from  these  observations,  that  the  average  quantity  of 
phosphoric  acid  secreted  by  an  adult  male  in  24  hours  is  about 
3'5  grammes;  it  should,  however,  be  remembered  that  the  mean 
quantity  passed  by  different  individuals  varies  very  much  from  this 
general  average.  The  average  hourly  quantity  is  about  0'15  gramme. 
Winter  has  also  reckoned  the  phosphoric  acid  in  relation  to  the 
weight  and  height  of  the  body.  He  found  that  the  average  quan- 
tity passed  per  hour  was  0*27  for  every  100  kilogrammes  of  weight, 
and  0*1  gramme  for  every  100  centimetres  of  height. 

The  daily  and  hourly  variations  occurring  in  the  same  individual 
in  health  are  considerable.  Thus  Neubauer  found  the  daily  maxi- 
mum of  phosphoric  acid  to  be  2*16,  and  the  daily  minimum  1*21  in 
the  same  person;  in  another  he  found  the  maximum  4*88,  and  the_ 
minimum  2*44.  Mosler  found  a  maximum  of  4' 86,  and  a  minimum ■ 
of  2*40  grammes.  Still  greater  differences  are  found  when  the 
hourly  quantities  are  compared.  I  found  in  a  long  series  of  observa- 
tions made  on  the  same  person  that  the  maximum  hourly  secretion 
was  0*216,  and  the  minimum  0*085  gramme;  both  extremes  were 
obtained  on  the  same  day,  the  whole  series  of  observations  being 
spread  over  10  days. 

It  appears,  from  the  observations  of  Winter,  Mosler,  Haxthausen, 
and  myself,  that  the  hourly  excretion  of  phosphoric  acid  goes  on 
very  regularly  and  equably  in  aU  the  individual  cases  examined  by 
us.  It  begins  to  increase  in  the  afternoon  after  dinner,  reaches  its 
maximum  in  the  evening,  sinks  again  during  the  night,  and  reaches 
its  minimum  in  the  forenoon. 

The  following  table  shows  these  variations  as  observed  at  different 


hours  of  the  day  in  4  persons. 

The  quantit 

secreted  in  one  hour  was  : 

Afternoon. 

Night. 

InA.      .     .     .     0-18     . 

.     .     0-20 

B.     .     .     .     0-28     . 

.     .     0-21 

C.      .     .     .     0-18     . 

.     .     0-16 

D.     .     .     .     0-11     . 

.     .     0-14 
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Porenoon. 

.  .  0-13 

.  .  0-11 

.  .  0-10 

.  .  0-11 

This  table  is  instructive,  in  that  it  shows  how  a  general  law  is 
modified  by  the  idiosyncrasy  of  individuals.  The  curve  is  most  marked 
in  Bj  the  difference  between  the  afternoon  and  forenoon  quantity  being 
the  greatest.  In  this  case  the  greater  part  of  the  phosphoric  acid  taken 
with  dinner  was  rapidly  eliminated,  the  highest  point  of  the  curve 
being  reached  during  the  afternoon.  In  C.  the  elimination  was 
slower,  and  the  highest  point  of  the  curve  reached  in  the  evening. 
In  D.  the  elimination  was  still  slower,  the  highest  point  being  reached 
in  the  night,  although  dinner  was  taken  at  one  o'clock  in  the 
day,  as  in  all  the  other  cases ;  digestion  was  probably  less  rapidly 
performed  in  this  case. 

The  following  are  the  facts  hitherto  ascertained  concerning  the 
causes  of  the  increase  or  diminution  of  the  secretion  of  phosphoric 
acid : — 

1.  The  phosphoric  acid  of  the  urine  is  increased  by  the  inges- 
tion of  phosphoric  acid,  and  of  soluble  phosphates.  Auberf^ 
found  that  the  quantity  of  phosphoric  acid  excreted  with  the  urine 
was  raised  to  4*1  after  the  ingestion  of  31  grammes  of  phosphate  of 
soda,  the  normal  quantity  being  2*8  grammes  in  the  24  hours. 

Yon  Haxthausen  also  found  that  the  excretion  of  phosphoric 
acid  was  invariably  increased  after  the  ingestion  of  phosphate  of 
soda. 

2.  The  excretion  of  phosphoric  acid  with  the  urine  is  increased 
when  phosphoric  acid,  in  a  more  or  less  perfect  form,  or  when  sub- 
stances which  are  capable  of  being  converted  into  phosphoric  acid 
in  the  body,  have  been  taken  with  the  food.  It  is  diminished  by 
abstinence  from  food ;  but,  unlike  chloride  of  sodium,  it  does  not 
entirely  disappear  even  after  long  fasting.  As  a  rule  it  is  greater 
under  an  animal  than  under  a  vegetable  diet. 

Mosler  found  that  the  phosphoric  acid  was  reduced  one-half  by 

*  Henle  and  Pfeufer's  Zeitschrift  fur  ration.  Medicin.  1852.  ii.  3. 
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fasting ;  and  that,  on  the  other  hand,  it  was  nearly  doubled  under  a 
rich  nitrogenous  diet. 

Schmidt  observed,  that  cats  fed  on  ordinary  food,  for  each  kilo- 
gramme of  weight  passed  0'30  gramme  of  phosphoric  acid  in  24  hours; 
but  that  after  a  long  fast  they  passed  only  0*107  gramme  of  it. 

3.  It  was  distinctly  proved  in  the  case  of  chlorine,  and  was  shown 
to  be  very  probable  in  the  case  of  sulphuric  acid,  that  their  excretion 
with  the  urine  is  influenced  by  difi'erent  conditions  of  the  system — 
by  the  nutritive  changes,  &c.,  as  well  as  by  the  quantity  of  these 
bodies  which  have  been  ingested.  Numerous  experiments  prove  that 
the  same  is  undoubtedly  true  of  phosphoric  acid.  It  has  been 
already  shown  above,  that  phosphoric  acid  taken  into  the  body  with 
the  food  is  excreted  more  or  less  rapidly  in  different  individuals.  It 
appears,  from  experiments  made  by  myself,  that  a  marked  diminution 
of  the  phosphoric  acid  (0*085  gramme  per  hour)  may  follow  a  tem- 
porary increase  of  the  excretion  (0*216  gramme  per  hour).  The 
secretion  of  phosphoric  acid  is  usually  increased  by  large  draughts  of 
water  (together  with  the  urea  and  chlorine),  and  in  a  greater  propor- 
tion than  the  quantity  contained  in  the  phosphatic  salts  of  the  water. 
It  is  also  increased  by  increased  activity  of  the  nutritive  functions 
generally,  or  of  the  kidneys,  or  of  both  together. 

Erom  these  facts  it  is  evident,  that  the  quantity  of  phosphoric  acid 
in  the  body  may,  under  certain  conditions,  be  increased  by  retention 
of  the  phosphoric  acid  ingested,  and  diminished  by  increase 
of  its  secretion.  Consequently,  a  knowledge  of  these  coihI 
ditions  becomes  of  the  highest  importance  both  to  the  physiologist 
and  the  physician.  Unfortunately,  however,  we  know  nothing 
certain  concerning  their  nature,  nothing  in  fact,  except  what  is 
conjectural.  And  here,  again,  in  our  researches,  we  meet  with  the 
same  difficulties  as  those  which  have  been  already  mentioned,  in 
reference  to  the  determination  of  analogous  conditions  in  the  cases  of 
chlorine  and  sulphuric  acid.  Besides  this,  it  must  be  remembered, 
that  the  whole  of  the  phosphatic  salts  are  not  secreted  with  the 
urine,  a  portion  of  them  being,  as  a  rule,  passed  with  the  fseces.*^ 

*  V.  Haxthausen  has,  at  my  request,  made  some  observatious  on  this 
point.  He  found,  that  the  quantity  of  phosphoric  acid  evacuated  with 
the  faeces  (as  obtained  from  them  without  incineration,  by  extraction 
with  dilute  nitric  acid)  was  as  follows  in  the  24  hours  : — Average  (of 
seventeen  observations)  0-666— Maximum,  1-080 — Minimum,  0270  gramme. 
From  which  it  follows  that  four  or  live  times  more  phosphoric  acid  is 
excreted  with  the  urine  than  with  the  fseces. 
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Hence,  it  becomes  necessary  :  either  to  determine  quantitatively 
tlie  amount  of  phosphatic  salts  in  individual  parts  of  the  body,  and 
under  different  conditions — which  would  require  a  vast  number  of 
xperiments ;  or,  to  determine  accurately  both  the  quantity  of  phos- 
[)horic  acid  passed  with  the  urine  and  the  faeces,  and  the  quantity 
of  it  ingested  with  the  food.  The  difficulty  of  these  processes, 
however,  will  prevent  the  attainment  of  the  object  desired ;  and  we 
must  therefore  be  contented,  for  the  present,  with  conjectural  views 
concerning  the  nature  of  the  conditions  which  affect  the  increase  or 
diminution  of  phosphoric  acid  in  diseases. 

The  following  are  the  facts  which  I  have  noted  concerning  the 
excretion  of  phosphoric  acid  in  the  sick ;  and  on  this  point  I  have 
made  upwards  of  one  thousand  observations. 

In  the  first  period  of  acute  diseases,  not  of  a  severe  nature,  the 
excretion  of  phosphoric  acid  is  frequently  found  to  be  less  than  usual, 
probably  in  consequence  of  the  low  diet  taken ;  it  then  gradually 
increases  in  proportion  with  the  quantity  of  food  ingested  by  the 
patient.  During  convalescence,  when  an  unusual  amount  of  food  is 
taken,  the  quantity  of  phosphoric  acid  is  sometimes  greater  than 
normal. 

In  diseases  of  short  duration,  even  although  they  are  accompa- 
nied with  much  fever,  the  diminution  of  the  phosphoric  acid  is  at 
times  scarcely  perceptible. 

Examples. — In  a  young  man  suffering  from  acute  angina  tonsil- 
laris, the  quantity  of  phosphoric  acid  excreted  at  the  time  of  his 
admission  into  the  hospital  was  2'8  grammes. — Emetic;  severe 
vomiting.  Low  diet.  Next  day  the  quantity  of  phosphoric  acid 
was  1*7  gramme.  The  patient  improved,  quarter  diet.  On  the 
third  day,  it  was  2*6  grammes  j  on  the  next,  2'5.  Half  diet.  On 
the  following  day  the  phosphoric  acid  was  3'2  grammes.     Recovery. 

SHght  attack  of  pneumonia.  —  Recovery  in  eight  days.  The 
quantity  of  phosphoric  was  2*4, — 2'5 — 2*9 — 2'4 — 2"3  grammes. 

In  severe  pneumonia,  at  the  acute  period  of  the  inflammation  :  it 
was  1-7  —  0-8  —  2-1  —  1*2  —  0-9  —  2-1  —  1-9  —  I'l  grammes. 

In  severe  pneumonia,  it  was  1*6 — 1"4 — 2*2 — 2"3 — 1*6  grammes. 

In  febrile  bronchial  catarrh:  1*4 — 1-5 — 1-7 — 1*5 — 2*8  grammes. 

In  convalescence  after  severe  pneumonia :  3*8  —  2*7  —  3*2  —  3*5 
—  3*9  —  1*8  —  2-5,  &c.,  grammes. 

In  same  :  1*9  —  5*6  —  2*8  — 1*5  —  3-2  —  2*8  grammes. 

In  convalescence  after  acute  febrile  bronchial  catarrh:  4*8  grammes 
of  phosphoric  acid. 
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Eczematous  catarrh  of  the  digestive  organs,  with  acute  fever. 
Eapid  course;  the  patient  convalescent  in  eight  days  =  2*3  —  2*6 
—  27  —  2-6  —  3-4<  grammes. 

The  following  cases  occurred  in  females  : — 

Kheumatic  fever :  2'1  —  2*3  —  2*2  grammes. 
Catarrh  of  the  stomach  :   1*1  —  1-2  gramme. 
Catarrhal  fever,  in  the  acute  stage :  1*6  gramme. 
Convalescence  from  typhus  :   5*2  grammes. 

In  many  cases  of  acute  diseases,  or  after  long  abstinence  from 
food,  or  towards  the  fatal  termination  of  disease,  the  phosphoric  acid 
excretion  diminishes  still  more  remarkably. 

Examples. — In  a  girl,  during  the  acute  stage  of  pulmonary 
catarrh,  the  quantity  of  phosphoric  acid  was  0'7  —  0*5  — ;  and 
during  convalescence  1*3  —  2*5  grammes. 

In  a  case  of  pulmonary  tuberculosis,  on  the  days  preceding  the 
patient's  death,  it  was  0-4  —  0*4  —  0*3  —  0*3  —  0*2  —  0*1  —  0*08 
gramme  (the  day  on  which  he  died). 

In  fatal  gangrene  of  the  lungs,  it  was  3*0  —  2*5  — 2*20  —  0*7 
grammes. 

In  some  exceptional  cases,  however,  the  phosphoric  acid  may  be 
greater  than  normal  during  the  acme  of  acute  diseases,  as  shown 
in  the  following  example  : — 

In  acute  pneumonia  in  a  middle-aged  man,  who  was  treated  with 
large  doses  of  digitalis,  and  recovered,  it  was  4*3  —  5*1  —  4*1  — 
8-4  —  7-9  —  4*5  —  2*9  —  5*0  grammes. 

In  chronic  diseases  the  secretion  of  phosphoric  acid  follows  a  very 
irregular  course,  the  quantity  being  generally  less  than  normal; 
sometimes,  however,  it  is  considerably  greater.  I  have  made  nu- 
merous observations  (30  to  40)  on  this  point ;  but  it  would  be  tedious 
to  mention  them  all  here.  I  shall,  therefore,  give  examples  showing 
the  mean,  the  maximum,  and  the  minimum,  quantity. 

Examples  in  Men. — Emphysema  of  the  lungs.  The  mean  quantity 
of  8  days  was  1*3;  the  maximum  2*3;  the  minimum  0*6  grammes. 

Chronic  broncorrhcea. — Mean  of  eight  days  2*7 ;  maximum  4*7 
minimum  1*3  grammes. 

Cancer  of  the  liver. — Mean  of  eleven  days  2*2;    maximum  2*6 
minimum  1*6  grammes. 

Subacute   articular   rheumatism. — Mean   of  eighteen  days  2*4 
maximum  3*1 ;  minimum  1*7  grammes. 

Hemiplegia,    after    apoplexy.— Mean   of  thirty-five    days    2*7 
maximum  5*2;  minimum  1*0  grammes. 
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Hjdruria. — Mean  of  three  days  5*0;  maximum  5'8;  minimum 
4*4  grammes. 

Dropsy. — Stage  of  diuresis,  with  great  increase  of  chlorine-secre- 
tion.    Mean  of  two  days  1'8  gramme. 

Exa7nples  in  Women. — Diabetes  insipidus.  Mean  of  fourteen 
days  4*8;  maximum  7*8  ;  minimum  3'2  grammes. 

Ascites. — Mean  of  fifteen  days  3*0;  maximum  4*7;  minimum 
1*7  grammes. 

Chronic  rheumatism. — Mean  of  seven  days  3'3;  maximum  4*2; 
minimum  2*7  grammes. 

Spinal  irritation,  2*1  —  2*8 .     Mean  2*4  grammes. 

Amenorrhoea,  2*1  —  2*3.     Mean  2*2  grammes. 

Scrophula,  2*6  —  5*2.     Mean  3*5  grammes. 

Pulmonary  tuberculosis,  1*5  —  3 '9  (10  days)  grammes. 

Chronic  erysipelas  of  the  face,  1-5—  3*6  (11  days)  grammes. 

Brattler  gives  the  following  resume  of  his  observations  on  the 
sick: — The  excretion  of  phosphoric  acid  is  diminished,  in  diseases 
and  functional  disorders  of  the  kidneys,  associated  with  diminished 
urinary  secretion  (Bright's  disease,  diseases  of  the  heart),  aud  in  dis- 
eases of  the  digestive  organs,  which  interfere  with  the  absorption  of 
the  food.  It  is  increased  in  acute  febrile  diseases,  through  the 
increased  metamorphoses  of  the  phosphorus-containing  tissues  (the 
increase  of  the  phosphoric  acid,  however,  is  not  so  constant  as  is  that 
of  the  urea) ;  it  is  also  increased  in  diseases  where,  through  func- 
tional disorders  of  the  kidneys,  the  phosphoric  acid  has  been  retained 
and  accumulated  in  the  blood,  after  the  cause  of  the  retention  has 
been  removed.     (Bright^s  disease,  cholera.) 

Haxthausen  observed  a  diminution  of  the  secretion  of  phosphoric 
acid  during  the  access  of  intermittent  fever. 


section  cxxiii. 

Earthy  Phosphates. — Lime.  — Magnesia. 

Beneke. — Der  Fhosphorsdure  Kalk.,  &c.  Gottingen,  1850.    (Phos- 
phate of  Lime,  &c.) 
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Beneke. — Ziir  Thysiolog,  u.    Patholog.    des  Phosphors,    u.  oxals. 

Kalkes.    2  Beitrag.    Gottingen,  1850.    (On  the  Physiology  and 

Pathology  of  Phosphate  and  Oxalate  of  Lime.) 
Kletzinsky. — Heller's  Archiv,  1852,  p.  270. 
C.  Neubauer. —  Ueber  die  Erdphosphate  des  Hams.  Journl.  fur 

pract.  Chemie.,  vol.  Ixvii.  p.  65.     (On  the  Phosphatic  Earths  ioB 

the  Urine), 
P.  HuENKE. — Be  Phosphatum  terrarum  in  urind  quantitate.  Diss. 

Inaug.     Berlin,  1859.     (On  the  Quantity  of  Earthy  Phosphates 

in  the  Urine.) 

Different  methods  are  employed  for  determining  the  quantity  of 
earthy  phosphates  in  the  urine,  according  to  the  particular  object 
which  the  operator  has  in  view. 

1.  The  quantity  may  be  estimated  by  Beneke^s  method  (Sect. 
Lxxxiii.  I.).  This  method  is  quickly  performed,  but  it  yields  only 
approximative  results. 

2.  Again,  the  quantity  may  be  obtained  by  the  method  described 
at  p.  195.  The  earthy  phosphates  are  precipitated  with  ammo- 
nia, the  precipitate  washed,  dissolved  in  hydrochloric  acid,  and  the 
quantity  of  phosphoric  acid  in  the  solution  determined  by  the 
volumetrical  process.  This  method,  however,  is  liable  to  the  errors, 
mentioned  under  the  head  of  phosphoric  acid,  and  does  not  yield 
accurate  results.  Moreover,  it  does  not  give  the  weight  of  the 
earthy  phosphates  themselves,  but  only  the  quantity  of  phosphori 
acid. 

Or,  again,  the  quantity  of  lime  and  of  magnesia  is  determine 
separately,  either, 

3.  According  to  the  method  given  in  Section  lxxi.  III. ;  or 

4.  According  to  Section  lxxi.  I.  and  II. 
The  last-mentioned  method  (4)  is  preferable  to  every  other  when 

great  accuracy  is  required. 

The  following  data  will  assist  the  inquirer  in  determining  the  value 
which  may  be  attached  to  quantities  obtained  by  these  different 
methods : — 

Beneke  considered  that  the  quantity  of  earthy  phosphates  passed 
with  the  urine  by  an  active  healthy  man  in  24  hours,  equalled  1-2 
gramme. 

Lehmann  passed  in  24  hours  1*09  gramme  of  phosphates  under 
ordinary  diet ;  and  3*56  grammes  under  a  purely  animal  diet. 
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Bticker  passed  an  average  daily  quantity  of  1'48  gramme. 

Mosler  found  the  quantity  of  phosphoric  acid  united  with  the 
earths  (consequently  not  the  quantity  of  the  phosphatic  earths 
themselves)  which  was  passed  by  himself,  first,  during  six  days' 
observation  in  the  month  of  April,  and  secondly,  during  four  days 
in  October,  as  follows  : — 

I.  II. 


Per  Day. 

Per  Hour. 

Per  Day. 

Per  Hour. 

Mean .     . 

1-152 

0-048 

0-390 

0-015  gramme. 

Maximum 

1-800 

0-075 

0-660 

0-027       „ 

Minimum 

0-370 

0-015 

0-170 

0-007       „ 

In  other  healthy  persons  the  hourly  average  was  from  0-015  to 
0*019  gramme. 

Hegar  found  the  quantity  of  phosphoric  acid  combined  with  the 
earths,  to  be,  in  himself,  as  the  mean  of  eight  days'  observations,  1*31 
gramme.  Half-a-year  later,  the  mean  of  four  days'  observations  was 
0*902  gramme. 

Neubauer  gives  the  following  as  the  results  of  the  numerous 
observations  which  he  has  made.  They  may  be  received  as  very 
trustworthy,  both  from  the  accuracy  with  which  the  observations 
were  made,  as  well  as  from  the  number  of  them,  52. 

The  average  quantity  of  earthy  phosphates  passed  with  the  urine 
by  a  healthy  man  in  24  hours  range  between  0-941  and  1*012 
grammes.  The  mean  maximum  was  1*138  to  1*263  (the  greatest 
quantity  being  1-554).  The  mean  minimum  0*8  (the  smallest  quan- 
tity 0-328)  gramme. 

The  average  daily  quantity  of  phosphate  of  lime  was  0-31  to  0*37 
gramme.  The  mean  maximum  0*39  to  0*52  (the  largest  quantity 
0*616).  The  mean  minimum  0-25  (the  smallest  quantity  0-15) 
gramme. 

The  mean  quantity  of  phosphate  of  magnesia  was  0-64.  The 
average  maximum  0*77  (the  largest  quantity  0*938).  The  average 
minimum  0*5  (the  smallest  quantity  0*178)  gramme. 

On  an  average  there  was  excreted  1  equiv.  of  phosphate  of  lime 
to  3  equivs.  of  phosphate  of  magnesia,  or  33  parts  of  phosphate  of 
lime  to  67  parts  of  phosphate  of  magnesia. 

These  data  are  strikingly  opposed  to  those  of  Kletzinsky,  who 
found  the  relative  quantity  of  the  phosphate  of  lime  and  phosphate 
of  magnesia  exactly  the  reverse.     According  to  him,  100  parts  of 
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the  earthy  phosphates  consist  of  67*3  phosphate  of  lime,  and  32*7 
phosphate  of  magnesia.^ 

It  appears,  from  the  investigations  of  Neubauer,  that  salts  of  lime, 
when  taken  into  the  body,  do  not  pass  into  the  urine,  or  at  all  events 
only  in  very  minute  quantities.  On  the  other  hand.  Dr.  W.  Roberts 
found  the  earthy  phosphates  increased  to  almost  double  the  ordinary 
quantity  after  eating. 

The  absolute  quantity  of  earthy  phosphates  in  the  urine,  as  well  as 
the  relative  amount  of  the  phosphates  of  lime  and  of  magnesia,  vary 
much  in  disease  from  the  normal  standard  above  given.  Thus,  it  is 
generally  admitted,  that  the  excretion  of  phosphatic  earths,  and  espe- 
cially of  phosphate  of  lime,  is  increased  in  certain  diseases  of  the 
bones  (osteomalachia,  rickets,  &c.).  Further  careful  investigations 
are  much  to  be  desired  for  the  more  perfect  illustration  of  this  sub- 
ject, which  is  of  great  importance  in  pathology  as  well  as  in  physio- 
logy. In  conducting  such  investigations,  we  must  remember,  that 
if  conclusions  are  drawn  from  them  respecting  the  metamorphosis 
of  the  whole  of  the  phosphatic  earths  in  the  body,  the  phosphates 
contained  in  the  fgeces  must  be  calculated  as  well  as  those  in  the 
urine. 


SECTION  cxxiv. 
Creatinine — Allantoine — Leucine — Tyrosine. 

Creatinine  is  constantly  present  in  the  urine.  The  quantity  of  it 
was  once  regarded  as  very  small ;  but  later  investigations  show  that 
such  is  not  the  case,  and  that  it  is  of  importance  that  we  should  be 
able  to  determine  its  quantity.  For  this  purpose,  methods  for  its 
quantitative  determination  in  the  urine  have  been  given  (see 
Section  lxix.). 

Schottin  [Archiv.  cL  Heilkd.  v.  Wagner.  1860.  vol.  i.,  p.  417) 
found  only  traces  of  creatinine  in  the  urine.  Neubauer,  however, 
showed  by  a  series  of  careful  investigations  [AnnaL  d.  Cliem,  u. 
Pharm.y  vol.  cxix.,  p.  27),  that  the  quantity  is  much  greater  than 

*  The  process  employed  by  Kletzinsky  was  found,  on  trial,  to  give  in- 
accurate results.  His  eouclusions,  therefore,  on  this  head  cannot  be  ac- 
cepted . 
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Schottin  supposed.  He  found  in  his  own  urine  1  gramme  in  24 
hours;  the  maximum  being  1'35,  and  the  minimum  0*76  gramme. 
He  obtained  similar  resuhs  in  other  adult  persons,  0*8  to  0*9 
gramme  per  daj.     In  a  boj  he  .found  0*4  gramme. 

Creatinine  appears  to  be  essentially  a  product  of  the  metamorphoses 
of  muscular  tissue,  and  its  increase  to  play  an  important  part  in 
many  diseases.  Thus  in  ursemic  diseases  it  appears  to  be  increased 
in  the  blood ;  and  is  perhaps  also  increased  in  the  urine.  It  is  to  be 
hoped  that  further  investigations  will  be  made  in  this  field,  which 
promises  rich  rewards. 

The  determination  of  the  presence  and  of  the  quantity  of  allan- 
toine,  leucine,  and  tyrosine  in  the  urine  also  promises  to  add  to  our 
pathological  knowledge.  Our  information  in  this  direction  is  as 
yet  but  fragmentary  and  of  little  service  to  the  physician.  I  add  the 
following  literary  notices  on  the  subject  for  the  benefit  of  those 
who  may  be  inclined  to  study  the  subject  further, 

Prerichs  and  Stadeler  {Mitller,  ArcJiiv  f.  Anat.  8f  Php.,  1854, 
p.  393)  found  allantoine  in  the  urine  of  dogs,  whose  respiration  was 
impeded;  so  also  did  Kohler  {de  allantoini  in  urind  impeditd 
respiratione pr^^sentia),  Diss.  Gorlitz,  1857.  Schottin  also  found  it 
in  man  after  the  ingestion  of  large  quantities  of  gallic  acid  (Lehmann's 
Handhuch  der  Thysiol,  Chemie,  1859,  p.  93). 

Schottin  {Aro/iiv  f,  Phi/sioL  Heilkde.,  11.  N.  f.,  p.  353)  found 
leucine  in  a  specimen  of  albuminous  urine;  Ererichs  and  Stadeler 
found  leucine  and  tyrosine  in  the  urine  of  patients  suffering  from 
typhus  and  small-pox,  as  well  as  in  acute  atrophy  of  the  liver. 
Schmeisser  also  found  tyrosine  in  the  urine  of  a  patient  suffering  from 
the  last-mentioned  disease  {Archiv  d.  Fharm.,  Oct.  1849,  vol.  150. 

p.  11). 


section  cxxv. 
Concluding  Observations. 


I  have  endeavoured  in  the  preceding  pages  to  point  out,  for  the 
purposes  of  the  physician,  the  signification  of  the  different  changes 
(qualitative  and  quantitative)  to  which  the  urine  is  liable,  in  the  same 
way  as  medical  semiology  points  out  and  determines  the  value  of  the 

e  e  2 


420  CONCLUDING  OBSERVATIONS. 

different  symptoms  of  diseases.  The  information,  however,  obtained 
from  the  investigation  of  the  urine  in  disease,  is  as  yet  very  imperfect. 
Still  more  important  conclusions  concerning  the  diagnosis,  prog- 
nosis, and  treatment  of  disease,  than,  those  which  are  obtained  from 
the  observation  of  any  one  single  alteration  of  the  urine,  will  be  gained 
from  a  consideration  of  several  different  alterations  occurring  at  the 
same  time  or  immediately  consequent  the  one  on  the  other.  We 
may  even  go  further  than  this.  The^hange§„Ql  the_.unne..ma^^  be 
compared  with  the  abnormal  condEons  of _  other  Aecretions---of^  the 
fseces,  of  the  perspiration, ...of  the  pulmonary  exhalation,  &e^-;-.anEr 
from  such  combined  facts  conclusions  may  be  arrived  at  concerning 
the  state  of  the  metamorphic  processes  going  on  in  the  body. 

It  is  not  my  intention  to  enter  further  into  this  wide,  and  still 
obscure,  field  of  observation,  which  has,  in  fact,  only  been  very 
recently  investigated.  But  I  am  desirous  of  pointing  out  by  a  few 
examples  important  results  which  may  be  obtained,  and  without  any 
great  difficulty,  by  this  method  of  investigating  diseases.  The  fol- 
lowing cases  were  all  taken  under  my  own  personal  observation  : 

1.  A  young  woman,  20  years  old  (who  had  been  ill  for  a  long 
time),  suffering  from  various  ill-defined  symptoms  (thought  to  be 
indications  of  commencing  pulmonary  tuberculosis),  had  great  thirst, 
diminished  perspiration,  but  no  fever.  She  daily  passed  from  3000 
to  6000  C.C.  of  urine  of  high  specific  gravity— 1*025  to  1-034, 
containing  a  large  quantity  of  sugar.  The  diagnosis  was  clear 
enough — diabetes  mellitus.  She  improved  for  a  time  undeuthe^usB 
of  an  animaLdiet-^th  gluten  bread,  and  the- u«et>f  alkalies — mag- 
nesia and  bicarbonate  of  soda,  with  opium.  A  severe  attack  of  pneu- 
monia, however,  rapidly  destroyed  her. 

2.  A  woman,  about  36  years  old,  of  a  somewhat  pasty,  pale, 
anaemic  aspect,  with  blue  circles  around  the  eyes,  suffered  from  nume- 
rous nervous  symptoms — hypersesthesia  and  spasms — usually  known 
under  the  title  of  hysteria.  On  careful  investigation  it  was  found 
that  her  urinary  secretion  was  much  increased — between  3000  and 
4000  C.  C.  per  day.  The  urine  was  between  pale  and  bright  yellow, 
its  colouring  matter  being  rather  diminished  than  increased  (3  to  5) ; 
it  was  only  very  slightly  acid,  frequentlj^,  indeed,  alkaline,  the  free 
acids  being  much  less  than  normal  (0  to  0'5).  Its  specific  gravity 
was  less  than  normal — 1-012  to  1-015;  but  its  solid  constituents, 
nevertheless,  were  much  increased— 80  to  120.  This  increase  occurred 
in  the  case  of  almost  all  the  constituents  of  the  urine — urea,  40  to 
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49;  chlorine — 20  to  30;  phosphoric  acid — 5  to  9;  sulphuric  acid— 
3  to  5  grammes.  Not  a  trace  of  sugar  was  found  in  it.  Diagnosis  : 
diabetes  insipidus.  The  patient  was  manifestly  suffering  from  ab- 
normal increase  of  the  metamorphic  processes.  The  waste  of  the 
body  was  unnaturally  great ;  and  as  the  patient  was  in  poor  circum- 
stances, this  increased  loss  was  not  replaced  by  a  richer  diet.  In 
two  days  the  weight  of  the  body  was  diminished  three  pounds.  The 
calorification  of  the  body  was,  however,  less  than  normal,  and  the 
formation  of  blood-corpuscles  defective.  Under  an  abundant  and 
rich  diet,  together  with  the  use  of  tonics  (quinine  and  iron)  and 
opium,  the  urinary  secretion  was  gradually  brought  to  its  normal 
state ;  the  patient's  aspect  improved,  the  nervous  symptoms  disap- 
peared, and  her  strength  returned.  Whenever,  however,  the  patient 
returned  to  her  previous  mode  of  living,  she  had  repeated  relapses  of 
the  disease — intermitting  diabetes  insipidus. 

I  have  often  observed  analogous  cases  as  the  consequence  of 
immoderate  water-drinking,  of  hydropathy  carelessly  or  improperly 
employed,  or  too  long  continued. 

3.  A  strong  man,  after  a  chill,  complained  of  severe  rending  pains 
in  the  neck  and  shoulders.  The  skin  was  cool  and  shrivelled,  the 
perspiration  diminished.  His  urine  was  increased — 3000  to  3300 
C.  C.  The  quantity  of  colouring-matter  was  about  normal— 4  to  5  ; 
and  so  also  that  of  the  free  acids — 1"8  to  2'3.  The  specific  gravity 
low,  1*006  to  1.008;  and  the  amount  of  solid  constituents  some- 
what diminished— 36  to  40  grammes;  the  urea,  phosphoric  acid, 
sulphuric  acid,  and  chlorine  being  rather  less  than  the  normal 
sum.  Diagnosis :  hydruria.  The  increase  of  the  urine  evidently 
depended  upon  an  increased  secretion  of  water  by  the  kidneys,  which 
occurred  vicariously  with  a  diminished  secretion  of  the  skin  and 
the  lungs.  Although  the  hydruria  continued  several  days,  the  strength 
and  the  weight  of  the  patient  did  not  diminish.  Under  a  diaphoretic 
treatment,  whereby  the  secretion  of  the  skin  was  increased,  the 
hydruria  gradually  disappeared ;  and  so  also  did  the  rheumatism  of 
the  neck  after  cupping. 

4.  In  a  young  man  sufi'ering  from  disease  of  the  heart— insuffi- 
ciency of  tlie  bicuspid  valves  with  consecutive  dilatation  and  hyper- 
trophy of  the  right  ventricle — the  urine  gradually  diminished  in 
quantity,  from  1600  to  1200,  800,  and  600  C.C;  the  secretion  of 
urea  was  also  diminished  to  26,  20,  and  18;  and  so  also  the  secre- 
tion of  chlorine  to  8,  5,  and  3  ;  the  phosphoric  acid  to  2  and  1-5 ; 
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and  the  sulpliuric  acid  to  1'5  and  I  grammes.  Then  followed 
dropsical  effusion  into  the  abdomen,  and  oedema  of  the  extremi- 
ties. Under  the  use  of  large  doses  of  digitalis — infusion  of  digi- 
talis with  acetate  of  potass — the  urine  was  considerably  increased, 
to  3000,  4000,  and  4500  C.  C. ;  and  with  the  urine  a  considerable 
quantity  of  urea,  50,  55,  and  60;  and  of  chlorine  25,  30,  and  33 
grammes  were  evacuated ;  the  sulphuric  acid  and  phosphoric  acid 
secreted  were,  however,  scarcely  more  than  usual.  In  this  case  a 
large  quantity  of  water,  urea,  and  chlorine,  instead  of  being  evacuated 
with  the  urine,  had  been  poured  out  and  collected  as  dropsical  effu- 
sions, which  were  gradually  removed  by  the  abundant  diuresis  artifi- 
cially produced.  The  same  thing  occurred  several  times  in  this 
patient;  gradual  diminution  of  the  urine,  dropsical  effusions,  and 
then,  after  the  use  of  diuretics,  increased  secretion  of  water,  urea, 
and  chlorine  with  the  urine. 

5.  An  elderly  man,  whose  arteries  were  remarkably  rigid,  was  at- 
tacked by  a  somewhat  acute  bronchorrhoea,  the  disease  extending  over 
both  lungs.  The  condition  of  the  patient  varied  remarkably.  Severe 
attacks  of  dyspncea>  with  small  and  rapid  pulse  of  100  to  126  beats, 
which  sometimes  rendered  him  senseless,  alternated  with  intervals 
of  ease.  Examination  of  the  urine  showed  that  corresponding  varia- 
tions occurred  in  the  nutritive  functions  of  the  body.  During  some 
days  not  more  than  from  300  to  400 ;  whilst  on  other  days  from  1200 
to  1500  C.  C.  of  urine  were  evacuated.  Its  colour  changed  from  bright 
yellow  to  red;  the  colouring-matter — from  2  to  18 — was  usuallv 
increased  (access  of  fever) ;  the  specific  gravity  was  of  an  average 
number — 1'012  to  1*023;  the  average  amount  of  sohd  constituents 
considerably  less  than  normal — 18  to  30  grammes.  The  urea  also 
varied  much,  but,  despite  the  fever,  was  on  an  average  much  less 
than  normal — 12  to  25  grammes;  the  urine  also  frequently  con- 
tained a  sediment  of  urates.  The  chlorine  showed  the  greatest 
variations ;  it  was  invariably  diminished,  sometimes  only  a  trace  of 
it  being  found  in  the  urine — 0*1  to  5.  The  phosphoric  acid  and 
sulphuric  acid  were  also  diminished.  These  great  variations  in  the 
metamorphic  processes  of  the  patient,  indicating  a  profound  dis- 
turbance of  the  constitution,  together  with  the  lung- affection,  led  us 
to  fear  a  speedy  collapse ;  which,  indeed,  occurred  very  suddenly. 
In  the  evening  the  patient  had  expressed  himself  as  feeling  better 
than  usual ;  but  during  the  night  he  complained  all  at  once  of  great 
weakness  and  faintness,  and  died  in  the  course  of  a  few  hours,  spite 
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of  all  the  stimulants  administered.     Death  was  caused  by  the  rapid 
progress  of  the  pulmonary  oedema. 

6.  A  man_,  57  years,  old,  was  attacked  with  pneumonia  on  the  left 
side,  the  consequence  of  exposure  to  severe  cold  on  a  journey.  He 
was  first  treated  with  cupping  and  large  doses  of  digitalis.  The  fever 
was  very  acute;  the  urine  less  scanty,  than  in  other  like  cases,  900, 
1000,  1950,  1500,  1350,  1200  C.C,  and  of  high  colour;  the 
pigment-matter  considerably  increased  —  28  to  32;  the  specific 
gravity  somewhat  higher  than  normal — 1*018  to  1*024;  the  solid 
constituents  for  the  most  part  above,  but  occasionally  less,  than 
normal.  The  urea  increased — 40  to  60;  the  sulphuric  acid  was 
increased,  in  the  first  instance — 3*5  to  4  grammes,  but  afterwards 
was  less  than  normal — 1*8,  1*1  and  1*6  ;  the  phosphoric  acid  nearly 
constantly  increased — 4,  5,  7,  8  grammes.  Of  chlorine  only  a  trace 
could  be  found  during  the  first  two  days ;  but  it  gradually  increased 
— 3,  4,  7  grammes,  and  on  the  eighth  day  was  normal.  The  patient 
rapidly  recovered,  despite  his  advanced  age,  and  of  his  having  pre- 
viously sufiered  from  an  attack  of  pneumonia,  which  had  probably 
injured  his  lung;  and  he  left  the  hospital  cured  in  ten  days.  The 
case  is  particularly  interesting  as  showing  the  favourable  effects  of 
digitalis  on  the  nutrition.  Here,  as  in  all  cases  of  acute  fever,  there 
was  an  increase  of  the  w^ear  and  tear  of  the  constituents  of  the  body, 
an  unusually  large  amount  of  urea  and  colouring-matter  was  formed, 
and  an  increased  quantity  of  phosphoric  and  sulphuric  acids  were 
separated  from  their  organic  compounds.  The  urine,  however,  was 
in  this  case,  and  doubtless  through  the  influence  of  the  digitalis, 
much  more  abundant  than  it  usually  is  in  such  cases ;  and  in  conse- 
quence the  products  of  the  decomposition  of  the  tissues,  &c.,  were 
rapidly  removed  from  the  body,  and  convalescence  hastened.  I  do 
not  mean  to  say  that  this  is  the  only  action  of  digitalis  in  such  cases ; 
but  I  refer  to  this  peculiar  action  of  the  medicine  on  account  of  its 
being  so  clearly  manifested  in  this  case. 

7.  A  man  suffered  from  chronic  affection  of  the  liver  and  the  sto- 
mach, with  organic  change  of  structure,  of  a  nature  not  easily  diagnosed, 
associated  with  long-continued  disturbance  of  the  digestion,  as  well 
as  severe  pain.  His  strength  was  much  exhausted.  Here  the  indi- 
cation was,  in  the  first  place,  to  provide  for  the  immediate  treatment, 
and  then,  for  the  sake  of  prognosis,  to  investigate  more  closely  the 
metamorphic  changes  going  on  in  the  patient.  Tor  this  purpose  the 
urine  was  examined  on  several  days ;  and  the  following  were  found 
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to  be  the  average  proportion  of  its  constituents  : — the  quantity  was 
about  normal — 1*500  C.  C. ;  the  colour  clear  yellow,  the  colouring- 
matter  less  than  normal — 3 ;  its  reaction  slightly  acid,  its  free  acid 
being  much  diminished — 0*4.  The  specific  gravity  was  less  than 
normal — 1*0 14;  and  so  also  the  solid  constituents — 42  grammes. 
The  urea  was  somewhat  diminished — 29 ;  and  so  also  the  sulphuric 
acid — 1'4;  the  phosphoric  acid  was  about  normal — 3*3;  and  the 
chlorine — 10  grammes,  rather  above  the  normal.  Erom  this  it 
followed,  that  for  a  time  digestion  was  favourable,  the  chlorine  and 
phosphoric  acid  being  sufficient ;  but  that,  on  the  other  hand,  the 
metamorphosis  of  the  proteine-tissues  was  diminished,  the  urea  and 
sulphuric  acid  being  deficient.  The  small  amount  of  colouring- 
matter,  and  the  marked  diminution  of  the  free  acids  indicated  also 
a  defective  metamorphosis  of  the  blood- corpuscles — a  fact  which  was 
also  indicated  by  the  pale  ansemic  appearance  of  the  patient.  Under 
the  influence  of  an  abundant  animal  diet  and  tonics,  the  patient 
gained  strength  and  spirits  at  least  for  a  time ;  but,  from  the  nature 
of  the  organic  disease,  no  permanent  cure  could  be  expected. 

8.  Cases  occur,  in  which  a  febrile  increase  of  the  raetamorphic 
processes  can  scarcely  be  discovered,  except  from  the  condition  of  the 
urine.  The  pulse  is  perfectly  quiet,  the  temperature  of  the  surface  of 
the  body  about  natural,  the  appetite  little  affected ;  and  yet  there  is 
an  increase  in  the  waste  of  the  constituents  of  the  body,  and  dimi- 
nished activity  of  the  kidneys — a  condition  always  dangerous,  as  a 
cause  of  congestion  in  cases  of  chronic  disease  of  the  lungs,  liver,  &c. 
Congestion,  under  such  circumstances,  readily  occasions  material 
changes  in  the  structure  of  parts.  The  following  case  comes  under 
this  head : 

A  very  powerful  man,  48  years  old,  with  a  broad  and  well-arched 
thorax,  presented  symptoms,  which  led  to  the  suspicion  of  the 
existence  of  commencing  tuberculosis.  For  a  long  time  he  had 
suffered  from  cough  and  expectoration ;  slight  dulness  of  percussion 
at  the  apex  of  the  right  lung,  with  indistinct  and  somewhat  bron- 
chial respiration,  and  rales  at  this  point.  His  inspiratory  capacity 
was  less  than  his  bodily  size  would  indicate.  During  the  last  few 
months  he  had  wasted  somewhat  and  lost  strength.  His  pulse, 
however,  was  perfectly  quiet,  60  to  63;  his  appetite  tolerably 
good  ;  J-diet,  with  different  extras ;  the  temperature  of  his  extremi- 
ties not  increased.  During  the  night  he  occasionally  had  severe 
sweating.     The  urine,  on  the  other  hand,  was  very  abnormal.     It 
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was  much  diminished  in  quantity  —  400  to  600  C.  C. ;  almost  always 
clouded  with  an  uric  acid  sediment;  very  high-coloured,  the  pigment- 
matter  being  increased  —  16  to  24;  of  very  high  sp.  gr. — 1'022  to 
1-028;  the  urea  rather  above  the  average — 28  to  36;  the  chlorine 
much  diminished— 3  to  5 ;  the  phosphoric  acid— 2-5 ;  and  sulphuric 
acid  somewhat  less  than  normal — 1*5  grammes*  Hence,  the  excretory 
action  of  the  kidneys  was  much  diminished ;  the  wear  and  tear  of 
the  tissues  much  greater  than  natural,  and  the  bloody  in  consequence, 
overcharged  with  deleterious  constituents.  It  appeared,  moreover, 
that  the  patient  had  long  suffered  from  some  chronic  disease  of  the 
skin  (probably  psoriasis),  and  that  this  disease  had  disappeared 
about  six  months  ago.  Many  circumstances  therefore  combined 
together  in  causing  an  inordinate  action  of  the  lungs,  and  must 
have  aided  in  promoting  the  disorganisation  of  their  structure, 
which  was  suspected  to  be  going  on.  On  careful  investigation,  it 
was  found  that,  despite  of  the  slow  and  tranquil  pulse,  there  was 
increased  action  of  the  right  ventricle ;  and  a  congested  state  of  the 
lungs  was  indicated  by  a  distinct  increase  of  the  second  sound  of 
the  pulmonary  artery.  The  patient,  besides,  complained  of  dyspnoea 
and  tightness  at  the  chest*  The  main  indication  was,  by  increasing 
the  urinary  secretion  to  free  the  lungs  from  the  irritation  excited  in 
them  by  the  excess  of  excretory  matters  which  were  retained  in  the 
blood.  Gentle  diuretics  were  administered — infusion  of  digitalis 
with  acetate  of  potash ;  and  infusion  of  herba  Jacese.  With  increase 
of  the  quantity  of  urine,  the  patient's  chest  became  more  free,  and 
his  general  condition  improved ;  so  that  after  a  time  he  was  able  to 
leave  the  hospital  materially  improved  in  health.  Out  of  the  hospi- 
tal, however,  he  could  not  obtain  suitable  nourishment,  and  indulged 
deeply  in  spirits ;  his  disease  in  consequence  advanced,  and  in  about 
six  months  time  he  returned  to  the  hospital  with  w^ell-marked 
tuberculosis  of  the  lungs,  and  died  in  the  course  of  a  few  days. 

9.  A  man,  45  years  old,  was  suddenly  seized  with  acute  febrile 
symptoms,  shiverings,  and  heat,  loss  of  appetite,  and  bloody  urine. 
In  the  course  of  36  hours  the  whole  of  his  body,  with  the  exception  of 
his  face,  became  oedematous.  A  few  days  later  the  patient  was 
brought  into  the  hospital,  presenting  the  symptoms  above  described, 
with  the  addition  of  constant  vomiting.  During  the  first  three  days 
of  his  residence  there,  the  condition  of  the  urine  was  as  follows  : — 
Its  quantity  less  than  normal  —  900  tol500C.  C. ;  its  colour  a 
deep  blood-red.     Under  the  microscope,  a  largish  quantity  of  un- 
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changed  blood-corpuscles  was  found  in  it,  as  well  as  numerous 
pus-corpuscles,  and  a  few  granular  urinary  casts.  It  was  highly 
albuminous.  Its  reaction  alkaline;  sp.  gr.  low — I'OIO  to  1*012  ; 
its  urea  much  less  than  normal — 8  to  20 ;  chlorine  diminished — 
1  to  3;  and  so  also  its  phosphorus — 1*3  to  2' 8;  sulphuric  acid 
much  diminished — 0*5  to  1*6  grammes.  After  standing  for  some 
time  it  deposited  a  mucous  sediment,  resulting  from  the  action  of  the 
ammonia  on  the  pus-corpuscles  suspended  in  it.  The  perspiration 
— cutaneous  and  pulmonary  exhalation — was  much  less  than  normal, 
460  to  780  grammes  in  the  24  hours.  The  ingesta  exceeded  the 
egesta  considerably,  so  that  the  ])atient  increased  ten  pounds  in 
weight  in  the  course  of  three  days,  in  consequence  of  the  increase  of 
the  dropsical  swelling.  Diagnosis  :  Morbus  Brightii  acutus.  The 
most  powerful  remedies  were  used  to  increase  the  urinary  and  intes- 
tinal secretions,  in  order  to  ward  off  the  consequences  of  the  ursemic 
condition  of  the  patient ;  but  without  effect.  All  internal  remedies 
— sulphate  of  soda  with  acetate  of  potash,  gamboge,  with  car- 
bonate of  soda,  croton  oil — were  rejected  by  vomiting ;  external 
applications  of  decoction  of  digitalis  over  the  whole  surface  of  the 
body  were  wdthout  any  effect.  Clysters  of  croton  oil  in  linseed  oil 
irritated  the  rectum  so  much,  that  they  could  not  be  repeated.  The 
excretory  action  of  the  kidneys  daily  diminished ;  the  quantity  of 
urine  fell  from  800  to  700,  500,  and  450  C.C.  per  day;  its  sp.  gr.  from 
1*015  to  1*010.  The  quantity  of  urea  still  further  diminished — 6 
to  8  grammes  daily;  and  in  like  manner  the  chlorine — 0*8  to  I; 
the  sulphuric  acid — 0*4  to  0*6;  and  the  phosphoric  acid — 1*3 
to  1*7  gramme.  Symptoms  of  uraemia,  giddiness  and  delirium, 
appeared,  and  gradually  increased  into  coma  and  sopor,  destroying 
the  patient  in  a  little  less  than  three  weeks  from  the  commencement 
of  his  illness.  The  autopsy  showed  the  existence  of  Bright^s  disease 
in  the  second  stage. 

10.  A  man,  52  years  old,  of  strong  bodily  constitution,  was,  like 
the  last  patient,  attacked  with  acute  disease  of  the  kidneys.  Con- 
siderable cedema  of  the  whole  body  quickly  followed  upon  the  febrile 
symptoms;  the  blood-red  urine  contained  a  large  quantity  of  albu- 
men, and  presented  under  the  microscope,  traces  of  urinary  casts, 
together  with  numerous  blood-,  and  pus-corpuscles.  In  this  case 
strong  diuretics — pills  of  gamboge  and  carbonate  of  soda  produced  an 
abundant  urinary  secretion,  and  especially  after  decoctions  of 
digitalis  had  been  extensively  applied  over  the  whole  of  the  lower  half 
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of  the  body.  The  urine  from  the  25th  of  October  to  November  1st 
presented  the  following  characters ;  quantity  much  increased,  from 
4800  to  6800  C.  C. :  colour  red  (bloody) ;  reaction  neutral  or  alka- 
line; specific  gravity  low — 1'003  to  1'005;  urea  much  increased,  from 
45  to  97  grammes  daily;  and  so  also  the  chlorine — ^20  to  30;  the 
sulphuric  acid — 4*1  to  4'7  ;  and  especially  the  phosphoric  acid — 11  to 
18  grammes.  The  dropsical  swelling  entirely  disappeared  with  the 
increase  of  the  urinary  secretion ;  and  so  Hkewise  did  the  threatening 
symptoms  of  uraemia  (somnolence  and  wanderings),  leaving  the 
patient  to  all  appearance  quite  well.  After  a  time,  however,  he  had 
another  attack ;  violent  fever  with  swelling  of  the  lips  and  phlyctenous 
eruption  around  the  mouth,  with  scanty  and  very  bloody  urine.  As 
the  latter  symptom  indicated  acute  irritation  of  the  kidneys,  and  as 
there  was  a  complete  absence  of  dropsical  symptoms,  diuretics  were 
not  administered ;  and  I  considered  it  of  importance  to  lessen  the 
irritation  of  the  kidneys.  Linseed-tea  with  bitter  almond-water  was 
given ;  and  in  the  course  of  two  days  the  former  deep  bloody-looking 
urine  became  almost  colourless. 

11.  Hsematuria,  resulting  from  solution  of  the  hsemato-globuline 
(see  Section  xci.).  A  young  man,  20  years  old,  who  had  always 
previously  enjoyed  good  health, ,  complained  that  for  the  last  8  days 
he  had  felt  unwell.  His  face  was  remarkably  pale,  and  in  some  parts 
livid ;  reddish-blue  rings  were  broadly  marked  under  the  eyes.  The 
temperature  of  skin  natural ;  pulse  quick — 90  to  100,  small  and  weak. 
Together  with  a  feeling  of  great  weariness  and  depression,  he  experi- 
enced pain  of  a  slightly  tearing,  and  dragging  nature  over  the  greater 
part  of  the  body,  and  particularly  in  the  extremities.  There  was 
slight  catarrh  of  the  respiratory  and  digestive  organs,  want  of  appe- 
tite, a  somewhat  coated  tongue,  diarrhoea,  and  distinct  enlarge- 
ment of  the  spleen.  He  was  taken  into  the  hospital ;  and  supposed, 
though  erroneously,  to  be  labouring  under  typhus.  The  febrile 
symptoms  diminished  instead  of  increasing ;  the  weak,  and  often 
double-beating  pulse  became  slower  and  fuller :  the  heat  of  the  body 
remained  natural,  being  generally  under  37°  C.  (99°  Pahr.),  and  the 
inteUigence  unaffected.  The  patient,  however,  became  gradually 
weaker,  so  that  he  could  scarcely  raise  himself  up  :  and  the  anaemic 
appearance  so  marked  as  to  give  him  the  appearance  of  a  patient  in 
an  advanced  stage  of  cholera.  The  urine,  natural  in  quantity,  was  of 
a  dark  brownish-red  colour,  between  7  and  8  of  the  colour-table — 
similar,  although  not  quite  as  dark  as  that  which  I  had  observed  after 
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the  inhalation  of  arseniuretted  hydrogen  (see  p.  310).  It  contained  at 
least  300  parts  of  colouring-matter.  No  blood-corpuscles  could  bo 
found  in  it  under  the  microscope,  in  fact,  no  kind  of  solid  matters. 
On  boiling  it  yielded  a  very  abundant  reddish-brown  coagulum  of 
hsemato-globuline,  which  when  separated  by  filtration  was  of  a  slight 
yellowish-colour.  Its  other  constituents  were  normal  in  quantity 
with  the  exception  of  the  chloride  of  sodium,  which  was  som^ 
what  diminished  in  consequence  of  his  scanty  diet.  This  state 
the  urine,  which  had  undoubtedly  existed  from  the  beginning  of  the 
complaint  (of  which  he  could  give  no  account),  lasted  for  about  8 
days,  and  then  gradually  disappeared.  It  indicated,  that  the  dis- 
ease consisted  essentially  in  a  continued  partial  decomposition  of  the 
blood-corpuscles  within  the  vessels — the  product  thereof  being  se- 
parated wath  the  urine  (and  perhaps  also  with  the  bile) — causing,  by 
the  intensity  and  duration  of  the  complaint,  an  advanced  condition  of 
oligocytheemia.  The  state  of  the  urine,  combined  with  the  great 
depression,  and  the  pains  in  the  extremities,  also  indicated  scurvy ; 
but  here  there  was  no  characteristic  change  of  the  gums,  nor 
ecchymoses,  &c.,  nor  any  etiological  cause  to  account  for  the  produc- 
tion of  scurvy. 

Mineral  acids  were  given  to  the  patient,  first  of  all  alone,  and  then 
in  combination  with  quinine ;  and  during  convalescence  preparations 
of  iron.  He  recovered  slowly,  but  completely.  No  effective  cause 
of  the  complaint  was  discovered. 

Some  months  later,  and  without  any  appreciable  cause,  another 
attack  of  hsematuria  occurred,  but  of  shorter  duration  and  less  in- 
tense than  the  former.  During  this  attack,  as  during  the  former, 
the  patient  did  not  suffer  the  slightest  pain  in  any  part  of  the 
urinary  system  ;  nor  could  any  satisfactory  cause  of  the  affection  be 
discovered. 

12.  The  following  case,  essentially  different  from  the  former,  but 
arising  without  appreciable  cause,  presents  an  example  of  hsematuria 
vesical  is.  Eriedrich  P.,  butcher,  set.  22,  who  had  never  before  been  ill, 
and  whose  parents  were  healthy  (his  father  suffering  merely  from 
haemorrhoids),  was  seized  with  a  slight  gastric  affection  accompanied 
with  giddiness  and  singing  in  the  ears,  and  entered  the  hospital. 
Some  years  previously  he  had  often  suffered  from  bleeding  from  the 
nose ;  but  of  late  he  had  had  no  kind  of  haemorrhage.  On  further 
investigation,  it  was  found,  that  his  urine  was  of  a  blood-red  colour, 
that  he  suffered  from  dysuria,  and  from  an  involuntary  and  con- 
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tinued  desire  to  pass  water,  so  as  to  be  forced  to  urinate  every 
quarter-of-an-hour.  The  last  portion  of  urine  passed  invariably  con- 
tained a  large  quantity  of  blood.  On  examination,  tbe  orifice  of 
the  urethra  was  found  natural,  no  pain  was  felt  on  pressure  over  the 
back  part  of  the  urethra,  nor  was  anything  abnormal  found  about 
the  prostate  or  bladder  on  examination  per  anum.  The  bloody- 
coloured  urine  deposited,  after  standing  for  some  time,  a  scanty 
darkish-red  sediment,  which  was  readily  dispersed  by  shaking,  and 
consisted  solely  of  blood-corpuscles  without  any  admixture  of  pus. 
The  urine  when  filtered  appeared  quite  free  from  blood,  and  of  a 
bright  yellow  colour ;  a  dark  red  precipitate  of  blood-corpuscles 
remaining  on  the  filter.  The  urine  consequently  contained  only 
blood-corpuscles,  and  no  hsematine  in  solution.  The  blood-corpus- 
cles undoubtedly  came  from  the  bladder,  and  their  presence  probably 
resulted  from  congestion  of  its  mucous  membrane,  and  consequent 
rupture  of  blood-vessels. 

The  treatment  consisted  in  the  administration  of  linseed-tea,  with 
)itter-almond- water ;  and  under  it  the  patient  improved  in  health. 
The  dysuria  ceased  in  the  course  of  a  few  days,  and  the  blood  gra- 
dually disappeared  from  the  urine. 

13.  The  following  case  is  of  interest,  from  its  close  resemblance 
to  a  case  of  hsematuria ;  and  from  the  fact,  that  the  absence  of  this 
affection  was  first  demonstrated  by  the  microscope. 

An  old  gentleman,  of  72,  had  had  for  five  years  an  affection  of 
the  bladder,  which  showed  itself  as  follows :  He  had  always  been 
healthy,  and  was,  for  his  age,  very  robust.  Prom  time  to  time, 
after  excretion,  or  after  much  walking,  he  passed  a  small  quantity 
of  blood  with  his  urine,  and  suffered  some  little  pain  about  the 
region  of  the  bladder.  The  simultaneous  passing  of  gravel  with 
his  urine,  led  to  the  supposition  of  the  presence  of  a  calculus  in  his 
bladder ;  and  he  had  consequently  consulted  several  doctors,  and 
had  been  many  times  examined.  No  stone,  however,  was  found.  His 
affection  was  therefore  regarded  as  an  hsemorrhoidal  state  of  the 
bladder,  and  the  patient  had,  in  consequence,  resorted  to  the  Kissingen 
and  Karlsbad  waters,  but  without  deriving  any  essential  benefit 
from  them.  He  had  never  passed  blood  with  his  motions;  nor 
were  haemorrhoids  or  any  enlargement  of  the  prostate  discovered. 
His  general  condition  was  good.  There  was  no  rigidity  of  his 
arteries. 

His  urine  was  very  acid,  and  deposited  large  crystalHne  masses  of 
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uric  acid.  There  was  also  observed  in  it  an  abundant  dirty-red  cinna- 
mon-coloured sediment,  which  was  quickly  deposited,  and  contained 
large  flocculi,  Before  this  sediment  was  deposited,  the  urine  pre- 
sented the  exact  appearance  as  when  blood  is  present  in  it ;  and  in 
fact,  the  patient  himself  and  his  many  doctors  had  always  hitherto 
considered  that  the  sediment  was  caused  by  blood,  Under  the 
microscope,  however,  numerous  cellular  forms  were  found,  which,] 
on  the  first  appearance,  seemed  to  be  blood-corpuscles,  but  on  closer ' 
investigation,  were  found  to  be  essentially  different.  They  were 
round,  of  a  red  colour,  like  that  of  the  blood-corpuscles,  but  somewhat] 
larger,  m  to  m"  diameter;  contained  a  distinct  nucleated  cor- 
puscle, and  were  unaffected  by  acetic  acid  (see  Flate  III.  Fig.  6, 
J)  ad).  With  these  were  found  others,  some  greater  and  some 
smaller,  irregular  and  partly  caudate  cells,  for  the  most  part  con- 
taining nuclei  {Fig.  Q^Dh  bh)  partly  single,  and  partly  aggregrated 
(forming  thready  flocculi  visible  to  the  naked  eye),  and  without  any 
trace  of  a  fibrinous  basis-membrane.  The  sediment  of  the  urine  also 
contained  normal  pus-corpuscles,  w^hich,  after  treatment  with  acetic 
acid,  exhibited  their  usual  nuclei. 

Prom  the  presence  of  these  cells,  the  existence  of  fungoid  ex- 
crescences (epithelioma)  of  the  bladder  was  diagnosed,  with  tendency 
to  acid  urine  and  separation  of  uric  acid.  The  treatment  ordered 
was:  the  regular  use  of  Tachinger  water,  and  linseed-tea,  with 
acetate  of  potash,  and  laurel-water.  Under  this  treatment  the  con- 
dition of  the  patient  was  much  improved.  Por  several  months  the 
urine  was  not  coloured  with  blood ;  and  instead  of  the  epithelioma 
cells  contained  merely  a  few  pus-corpuscles,  and  some  thready  coagula 
of  mucus.  The  patient  now  suffered  merely  from  occasional  pains  in 
the  glans  penis ;  and  straining  occurred  only  during  the  evacuation 
of  the  last  drops  of  urine. 

I  trust  that  the  above  examples  will  satisfy  the  reader  that  the 
investigation  of  the  state  of  the  metamorphic  processes  in  the  sick 
is  of  service  to  the  physician;  and  that  the  investigation  itself  is 
not  so  exceedingly  difficult,  as  some  persons  have  imagined.  But  I 
would,  at  the  same  time,  earnestly  entreat  those  who  may  pursue  fur- 
ther the  path  of  investigation  here  pointed  out,  to  confine  themselves 
to  the  possible,  and  not  endeavour,  by  the  aid  of  bold  hypotheses 
or  ill-founded  surmises,  to  assume  conclusions,  which  our  knowledge 
does  not  yet  enable  us  to  compass.  Such  proceeding  is  injurious  to 
the  interests  of  the  sick,  who  trust  themselves  to  our  care ;  and 
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cannot  fail  to  lower,  both  in  the  eyes  of  the  profession,  as  well  as 
of  the  public,  the  value  of  this  excellent  and  philosophic  method 
of  investigation  of  disease,  viz.,  the  consideration  of  the  chemistry 
of  the  metamorphic  processes  in  diseases. 


APPENDIX. 

section  cxxvi. 
Urinary  Calculi  and  other  Urinary  Concretions. 

By  urinary  concretions,  we  understand  deposits  from  the  urine, 
which  have  taken  place  in  the  urinary  passages,  within  the  kid- 
neys, ureters,  bladder^  or  urethra.  Sometimes  these  concretions  are 
small,  like  sand,  and  pass  away  readily  with  the  urine;  in  such 
case,  they  are  usually  very  numerous,  and  as  a  rule,  occur  in  a 
crystalline  form,  (sand,  gravel).  Sometimes  again,  they  are  much 
larger,  from  the  size  of  a  pea  up  to  that  of  an  apple.  When  of  a 
size  too  large  to  admit  of  their  being  evacuated  with  the  urine,  they 
are  retained  in  the  calyces  or  pelves  of  the  kidney  or  in  the  bladder, 
and  by  their  mechanical  action  excite  irritation,  pain,  lisemorrhage, 
and  inflammation  of  these  parts,  &c.  They  may  also  become  fixed 
in  the  ureters  and  urethra.     (Calculi.) 

Most  of  these  urinary  concretions  are  formed  from  sediments  of 
the  urine,  which  have  been  deposited  within  the  urinary  passages, 
and  instead  of  being  evacuated,  have,  through  some  cause  or  other, 
been  retained  there  and  gradually  formed  into  large  masses;  or, 
again,  the  calculi  may  be  formed  of  sediments  which  have  collected 
round  a  foreign  body,  which  has  found  its  way  into  the  urinary 
passages.  In  the  same  way  urinary  concretions  may  enlarge  gra- 
dually, and  more  or  less  rapidly,  fresh  layers  of  sedimentary  matters 
being  continually  deposited  upon  them. 

No  distinct  line  of  demarcation  can  be  made  between  urinary  gravel 
and  the  sediments  from  which  they  are  formed,  for  one  may  pass 
into  the  other;  and  the  same  thing  is  true  of  sand  and  small  calculi. 
Hence  there  is  no  practical  advantage  gained  by,  attempting  any 
arbitrary  division  of  them  into  separate  forms. 
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A  knowledge  of  urinary  concretions  is  of  great  importance  to  the 
medical  man,  on  account  of  the  inconvenience,  and  the  danger  which 
their  presence  occasions  in  the  body.  It  is  the  business  of  special 
pathology  and  diagnosis  to  point  out  to  us  their  nature  and  treat- 
ment. A  knowledge,  however,  of  the  chemical  composition  of 
urinary  concretions  is  of  practical  use  to  the  physician.  Thereby 
alone  can  he  learn  how,  by  proper  medicinal  appliances,  to  prevent 
the  further  formation  of  the  sand,  which  mechanically  irritates  the 
urinary  passages,  or  the  still  more  dangerous  formation  of  a  calculus, 
or  the  further  increase  of  a  calculus  which  has  been  already  formed. 
It  is  evident,  moreover,  that  an  exact  knowledge  of  the  chemical 
composition  of  a  urinary  calculus  must  form  the  basis  of  any 
attempts  to  dissolve  it  within  the  bladder.  The  chemical  investiga- 
tion, also,  of  calculi  which  have  been  removed  by  lithotomy  or  litho- 
trity,  is  often  of  practical  utility,  inasmuch  as  it  indicates  the  proper 
treatment  for  the  prevention  of  the  recurrence  of  like  urinary  concre- 
tions in  the  persons  operated  upon. 

The  chemical  constituents  of  urinary  calculi  are  essentially  the 
same  as  those  which  have  been  already  considered  under  the  head  of 
urinary  sediments,  viz  : — 

Uric  acid  and  urates. 

Xanthine. 

Cystine. 

Oxalate  of  lime. 

Carbonate  of  lime. 

Phosphate  of  lime. 

Ammonio-phosphate  of  magnesia. 

Proteine-compounds  (fibrine,  mucus). 

Urostealith. 
These    being  mixed  with  minute    quantities    of   other    matters — 
silica,  alumina,  &c. 

Many  urinary  concretions  consist  solely  of  some  one  of  these 
constituents.  Others,  again,  are  composed  of  several  of  them ;  the 
different  constituents  in  some  cases  forming  separate  layers  of  the 
concretion. 

As  the  properties  and  tests  of  most  of  these  substances  have  been 
already  described,  it  is  only  necessary  here  to  point  out  the  general 
processes  required  for  the  analysis  of  such  concretions,  referring  for 
further  particulars  to  their  special  history. 

If  we  have  to  deal  with  sandy  deposit,  it  is  advisable,  in  the  first 
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place,  to  examine  it  microscopically,  as  from  the  form  of  the  crystals 
the  chemical  nature  of  the  matter  may  be  often  ascertained.  Por 
chemical  investigation  we  must  isolate  the  particles  of  it  as  far  as 
possible  from  all  impurities,  such  as  blood  and  pus,  and  then  wash 
them  with  distilled  water.  If  the  particles  are  large,  they  must  be 
reduced  to  a  fine  powder. 

In  dealing  with  calculi,  it  must  be  remembered  that  they  are  fre- 
quently formed  of  layers  differing  in  chemical  composition.  The 
stones  must  therefore  be  cut,  or  better  still,  broken  in  pieces,  and 
a  small  quantity  of  powder  taken  from  every  layer  which  pre- 
sents a  different  appearance,  and  subjected  to  analysis.  In  this  case, 
also,  it  is  well  to  wash  the  powder  with  distilled  water  before  com- 
mencing operations,  in  order  to  separate  any  accidental  constituents 
of  the  urine  which  may  have  become  infiltrated  into  it. 

The  best  method  of  proceeding,  especially  for  those  who  are  not 
practised  in  these  analyses,  is,  in  the  first  place,  to  heat  a  little  of  the 
powdered  calculus  to  redness  on  platinum  foil  over  a  spirit-lamp.  If 
the  powder  be  wholly  consumed,  or  leave  only  a  very  inconsiderable 
amount  of  residue,  it  may  consist  of — 

Uric  acid  or  urate  of  ammonia. 

Xanthine  (Xanthic  oxide), 

Cystine, 

Proteine-bodies, 

Ureostealith. 
Next,  in  order  to  ascertain  which  of  these  substances  the  con- 
cretion is  formed  of,  we  must  proceed  as  follows  : — 

We  first  test  it  for  uric  acid.  If,  on  treating  the  powder  with 
nitric  acid  and  ammonia,  after  the  manner  described  at  p.  30,  6,  and 
p.  31,  a.,  we  obtain  a  distinct  murexide-reaction,  the  concretion  con- 
sists of  uric  acid  or  of  urate  of  ammonia.  These  two  substances  are 
distinguished  by  the  fact,  that  uric  acid  is  only  very  slightly 
soluble  in  boiling  water,  whilst  urate  of  ammonia  is  much  more 
readily  dissolved,  and  in  larger  quantities.  As  the  solution  cools  it  is 
again  precipitated,  and,  on  the  addition  of  a  solution  of  potash,  gives 
off  ammonia  (Section  xxxvii.) . 

Uric  acid  calculi  are,  comparatively  speaking,  of  frequent  occur- 
rence, and  sometimes  attain  a  considerable  size.     They  are  rarely 
white,  being   generally  of  a  yellowish,  reddish,   or  reddish-brown 
colour ;  they  have  usually  a  smooth  surface,  and  are  tolerably  hard. 
Urate  of  ammonia  calculi  are  rarely  met  with ;  they  are  usually 
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small,  of  a  lightish  or  loamy  colour,  and  of  a  more  earthy  consist- 
ence than  uric  acid  calculi. 

If  the  urinary  concretion  is  combustible,  and  offers  no  murexide- 
reaction,  it  may  consist  of  one  of  the  following  bodies  : — 

Xanthine  (Xanthic  oxide). — This  substance  dissolves  in  nitric 
acid  without  evolution  of  gas ;  the  solution  on  evaporation  leaving  a 
bright  lemon-coloured  residue,  which  is  not  reddened  by  ammonia, 
but  dissolves  readily  in  caustic  potash  with  a  deep  reddish-yellow 
colour.  The  newly-discovered  substance,  guanine,  has  a  similar 
reaction ;  it  is,  therefore,  necessary  to  be  cautious  in  deciding  that 
a  urinary  concretion  consists  of  xanthine.  Guanine,  however,  has 
never  yet  been  found  in  urinary  concretions. 

Calculi  consisting  of  xanthine  are  extremely  rare ;  only  a  few  spe- 
cimens, indeed,  have  been  hitherto  met  with.  They  have  a  hght- 
brown  (whitish-  or  cinnamon- brown)  colour,  are  of  tolerably  firm 
consistence,  take  a  polish  like  wax  when  rubbed,  and  usually  consist 
of  concentric  amorphous  layers,  which  are  readily  separated. 

Cystine  calculi  are  also  rarely  met  with.  They  are  of  a  dull- 
yellow  colour,  have  a  smooth  surface,  and  present  on  fracture  a 
glistening  crystalline  appearance.  They  are  softish,  may  be  readily 
scraped,  and  when  powdered  impart  a  soapy  feeling  to  the  fingers. 

The  following  are  the  chemical  characters  of  cystine  : — It  is 
soluble  in  caustic  ammonia,  and  on  slow  evaporation  of  the  solution 
crystallises  in  very  characteristic  forms — regular  six-sided  tables.  It 
is  also  soluble  in  mineral  acids;  and  on  slow  evaporation  of  an 
hydrochloric-acid  solution  crystallises  in  groups  of  divergent  radi- 
ating needles.  Cystine  contains  a  considerable  quantity  of  sulphur. 
Consequently,  if  a  calculus,  containing  cystine,  be  dissolved  in  a 
solution  of  potash,  and  after  the  addition  of  a  little  acetate  of  lead 
solution  the  solution  be  boiled,  a  black  precipitate  of  sulphuret  of 
lead  is  thrown  down,  and  gives  the  mixture  an  inky  appearance. 
(See  Section  xl.) 

Calculi  formed  oi proteine-substances  (of  fibrine  or  blood-coagula) 
are  also  very  rare.  They  present  no  appearance  of  crystallisation, 
give  off  when  burnt  an  odour  of  burnt  horn,  are  insoluble  in  water, 
ether,  and  alcohol,  but  are  soluble  in  a  solution  of  potash,  from  which 
they  are  thrown  down  by  acids ;  in  acetic  acid  they  swell  up,  and 
are  soluble  in  boiling  nitric  acid. 

Calculi  of  urostealith  are  equally  rare,  and  have  only  been  noticed 
by  Heller.     In  their  fresh  state  they  are  soft  and  elastic,  like  caout- 
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cliouc  to  the  touch.  They  shrink  up  when  dried,  assume  a  light- 
brown  or  blackish  colour,  become  brittle,  and  hard,  but  soften 
again,  when  warmed.  When  heated  they  fuse,  intumesce  and 
give  off  a  very  powerful  odour,  somewhat  like  that  of  mixed 
shellac  and  benzoine.  They  soften  without  dissolving  in  boiling 
water.  They  readily  dissolve  in  ether;  and  the  amorphous  uro- 
stealith,  which  remains  on  evaporation  of  the  ethereal , solution, 
assumes  a  violet  colour  when  further  heated.  They  also  readily 
dissolve  in  caustic  potash  when  warmed,  and  become  saponified. 
They  dissolve  in  nitric  acid,  with  a  slight  evolution  of  gas,  and  with- 
out change  of  colour,  the  residue,  on  the  addition  of  alkalies,  becoming 
of  a  dark -yellow  colour, 

II.  If  the  concretion  is  incombustible,  or  leaves  much  residue 
after  exposure  to  red-heat,  it  may  consist  of — 

Urates,  with  a  fixed  base  (soda,  magnesia,  lime). 

Oxalate  of  lime. 

Carbonate  of  lime. 

Phosphate  of  lime,  or  of 

Ammonio-phosphate  of  magnesia. 
TJrate  of  soda,  urate  of  limey  and  urate  of  magnesia,  are  rarely  met 
with  as  the  sole  constituents  of  a  urinary  calculus ;  they  are,  how- 
ever, occasionally  found  in  varying  quantities  in  calculi,  v^^hich  con- 
sist chiefly  of  other  substances,  in  uric  acid  and  urate  of  ammonia, 
calculi,  for  instance. 

In  order  to  ascertain  whether  any  of  these  bases  are  contained  in 
a  uric  acid  calculus,  we  boil  the  pulverised  calculus  in  distilled 
water,  and  filter  the  solution  while  hot.  The  urates,  being  more 
soluble  in  hot  water  than  uric  acid,  will,  if  present,  be  contained  in 
the  filtrate.  The  filtrate  is  then  evaporated,  and  the  residue  heated 
to  redness.  The  fixed  bases  will  remain  in  the  incinerated  mass, 
which,  if  it  renders  moistened  turmeric-paper  brown,  we  may  con- 
clude contains  soda  or  potash.  The  soda  is  distinguished  by  the 
yellow  tinge  which  it  imparts  to  the  flame  of  the  blow-pipe.  If  too 
great  heat  has  not  been  applied  to  the  residue,  magnesia  and  lime, 
if  present  in  it,  will  remain  in  the  forms  of  carbonates ;  these  are 
insoluble  in  water,  but  dissolve  readily  in  dilute  acids.  From  such 
solutions  the  earths  are  precipitated  as  ammonio-phosphate  of  mag- 
nesia, and  as  phosphate  of  lime,  on  the  addition  of  phosphate  of 
soda  and  ammonia. 

Oxalate  of  lime,  when  strongly  heated,  blackens  in  consequence  of 
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the  combustion  of  its  organic  matter ;  but  by  prolonged  exposure  to 
heat  it  becomes  white,  without  undergoing  fusion.  By  still  further 
exposure  to  heat  it  is  converted  into  caustic  lime,  which  renders 
moistened  turmeric-paper  brown.  By  a  less  degree  of  heat  car- 
bonate of  lime  is  formed,  which  dissolves  in  hydrochloric  acid 
-with  effervescence.  No  precipitate  is  formed  when  this  solution 
is  neutralised  with  ammonia,  but  when  oxalic  acid  is  also  added, 
oxalate  of  lime  is  thrown  down,  whose  characteristic  form  of  crys- 
tals may  be  seen  under  the  microscope  (see  Section  xxxviii.  b). 
Oxalate  of  lime  is  insoluble  in  boiling  water,  and  caustic  potash  solu- 
tion ;  it  is  soluble  in  hydrochloric  acid  without  effervescence. 

Oxalate  of  lime  calculi  are  often  met  with,  especially  in  children. 
They  are  either  small,  of  a  pale  colour  and  smooth,  of  the  size  of 
hempseed — or  they  are  larger,  have  a  rough,  warty,  nodular  surface, 
and  are  generally  of  a  dark,  brownish,  or  even  blackish  colour — mul- 
herry  calculi.  These  latter  calculi  usually  cause,  by  their  roughness, 
much  irritation  in  the  urinary  passages,  producing  great  distress, 
inflammation,  and  haemorrhage. 

Calculi  composed  chiefly  or  entirely  of  carlonate  of  lime  are  rare ; 
when  met  with,  they  have  generally  been  found  in  large  numbers  in 
the  same  individual.  They  have  a  whitish-grey — rarely  a  darker, 
yellowish,  or  brownish— colour,  and  present  an  earthy  chalk-like  ap- 
pearance. Carbonate  of  lime  is  most  frequently  met  with  in  small 
quantity  as  a  component  of  other  calculi,  mixed,  for  instance,  with 
oxalate  of  lime  or  earthy  phosphates. 

Carbonate  of  lime  concretions  become  black  when  burnt,  in  conse- 
quence of  the  presence  of  much  organic  matter  (mucus)  in  them, 
but  are  readily  rendered  white  by  further  heating.  They  are  not 
fusible.  The  residue,  when  exposed  to  a  strong  heat,  exhibits  exactly 
the  same  qualities  as  that  of  oxalate  of  lime  calculus.  It  either 
remains  in  the  state  of  carbonate  of  lime,  or  is  converted  into  caustic 
lime. 

These  calculi  are  easily  recognised  by  their  characteristic  property 
of  dissolving  in  hydrochloric  acid  with  effervescence. 

Ammonio-phosphate  of  magnesia  and  basic  phosphate  of  lime 
usually  occur  together  as  constituents  of  urinary  calculi.  Calculi 
of  this  kind  indicate,  that  the  urine  has  been  for  a  length  of  time 
ammoniacal  while  in  the  bladder,  in  consequence  of  the  decomposi- 
tion of  its  urea.  These  calculi  often  become  of  considerable  size, 
and  have  generally  a  whitish  colour.     When  the  phosphate  of  mag- 
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nesia  and  ammonia  predominates  in  them  they  are  softish;  porous, 
and  chalky ;  bat  when  the  phosphate  of  hme  is  in  excess  they  be- 
come thicker  and  harder. 

The  following  are  their  chemical  characters : — 

They  are  incombustible,  but  when  exposed  to  a  strong  heat,  fuse 
into  a  white  enamel-like  mass,  and  have,  in  consequence,  been 
called  fusible  calculi.  They  never  become  alkahne,  however  strongly 
heated,  and  may  thus  be  distinguished  from  calculi  of  oxalate  of 
lime  and  carbonate  of  lime.  They  are  soluble  in  hydrochloric  acid 
without  effervescence,  both  before  and  after  exposure  to  strong  heat ; 
and  the  solution  of  the  fused  pulverised  mass  is  precipitated  with 
ammonia. 

To  separate  these  two  constituents— phosphate  of  lime  and  phos- 
phate of  magnesia  and  ammonia — from  each  other,  we  proceed  as 
follows:  The  calcined  powder  is  dissolved  in  dilute  hydrochloric  acid, 
and  the  solution  filtered.  Ammonia  is  then  carefully  added  to  the 
solution,  so  as  to  leave  it  very  slightly  acid,  or  the  solution  may  be 
completely  neutralised  with  ammonia,  and  the  cloudiness  which 
appears  then  removed  by  the  addition  of  a  few  drops  of  acetic 
acid.  If  oxalate  of  ammonia  now  be  added,  the  lime  alone  will  be 
thrown  down  as  an  oxalate,  the  phosphate  of  magnesia  and  ammonia 
remaining  in  solution.  After  separating  the  precipitate  by  filtration, 
the  phosphate  of  magnesia  and  ammonia  may  be  obtained  by  super- 
saturation  with  ammonia. 

Neutral  phosphate  of  lime  calculi  have  been  met  with  in  some 
very  rare  instances.  In  their  physical  and  chemical  characters  they 
resemble  calculi  of  the  earthy  phosphates ;  but  as  they  contain  no 
magnesia,  their  solution  in  hydrochloric  acid,  after  precipitation  of  the 
lime  with  oxalate  of  ammonia,  yields  no  further  precipitate  when 
treated  with  an  excess  of  caustic  ammonia. 

Urinary  calculi,  however,  sometimes  have  a  more  complicated 
composition,  being  formed  of  several  different  constituents.  Thus, 
for  instance,  there  are  calculi  which  consist  of  uric  acid,  and  of 
urates,  and  of  earthy  phosphates ;  and  others  again  which  are  formed 
of  a  mixture  of  oxalate  of  lime  and  of  earthy  phosphates.  Calculi 
have,  indeed,  been  met  with,  which  were  composed  of  uric  acid, 
urate  of  ammonia,  oxalate  of  lime,  phosphate  of  lime,  carbonate  of 
lime,  and  ammonio-phosphate  of  magnesia,  that  is  to  say,  of 
six  different  constituents.  These  various  constituents  of  calculi  are 
sometimes  intimately  mingled  together,  and  sometimes  deposited  in 
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separate  layers,  which  have  manifestly  been  formed  at  different 
periods.  This  is  explained  by  the  fact,  that  in  the  same  patient 
different  urinary  sediments  appear  in  the  urine  at  different  times, 
and  are  deposited  upon  a  pre-existing  calculus,  and  increase  its  size. 
Alternate  layers  of  uric  acid  and  urates,  for  example,  are  formed, 
when,  in  a  case  of  uric  acid  diathesis,  the  urine  is  at  one  time  very 
acid,  so  that  the  urates  are  decomposed,  and  the  uric  acid  separated ; 
and  at  another  less  acid  or  neutral,  so  that  the  undecomposed 
urates  are  precipitated  on  the  calculus.  If  the  uric  acid  diathesis 
alternate  with  the  oxalic  acid  diathesis,  the  calculus  will  be  formed 
of  alternating  layers  of  uric  acid  and  oxalate  of  lime.  The  calculi 
frequently  met  with,  composed  of  alternate  layers  of  uric  acid,  or 
oxalate  of  lime  and  phosphatic  earths,  are  formed  through  the 
periodical  re-occurrence  of  the  uric  acid  or  oxalic  acid  diathesis,  the 
urine  being  rendered  ammoniacal  in  the  intervals  through  decompo- 
sition of  the  urea.  The  decomposition  in  such  case  results  from 
the  presence  of  the  large  quantity  of  mucus,  which  is  produced  by 
the  irritation  of  the  calculus,  or  from  temporary  obstruction  to  the 
flow  of  the  urine.  Alternate  layers  of  uric  acid  and  phosphate  of 
lime  in  the  same  calculus  are  sometimes  artificially  produced  by 
drugs,  as  when  alkalies  are  administered  to  counteract  the  uric  acid 
diathesis.  The  alkalies  make  the  urine  alkaline,  and  consequently 
occasion  a  deposition  of  the  sediment  of  phosphate  of  lime  upon  the 
calculus. 

Calculi  usually  have  a  nucleus,  this  is  in  some  cases  formed  of  a 
foreign  body,  around  which  the  urinary  sediments  collect  and  become 
incrusted.  All  foreign  bodies  which  find  their  way  into  the  urinary 
passages)  or  have  been  formed  there;  such  as  blood-coagula,  masses 
of  mucus,  and  fibrine,  may  become  the  nuclei  of  urinary  calculi. 
Sandy  particles  retained  in  the  bladder,  may  also  form  the  nuclei  of 
calculi.  In  the  latter  case  the  nucleus  has  sometimes  a  different 
composition  from  the  rest  of  the  calculus,  on  account  of  the  urinary 
sediment  having  undergone  a  change  during  its  formation.  Sometimes 
the  calculus  has  a  cavity  in  its  centre  instead  of  a  nucleus ;  and  in 
such  case  the  nucleus  which  originally  consisted  of  mucus  has  dried 
and  shrivelled  up.  In  some  rare  cases,  the  nucleus  is  found  to 
rattle  within  the  calculus*;  in  such  case  it  is  also  formed  of  dried-up 
mucus.  Occasionally,  the  calculus  consists  of  sandy  particles,  or  of 
several  small  calculi,  united  together  by  a  menstruum,  which  may,  or 
not,  have  the  same  chemical  composition  as  the  calculi  themselves. 
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These  different  facts  must  all  be  taken  into  consideration,  in  inves- 
tigating the  chemical  constitution  of  urinary  calculi,  and  in 
drawing  conclusions  concerning  the  probable  conditions  which 
attend  their  formation. 

Spurious  or  false  urinary  calculi  are  also  met  with,  and  their  dia- 
gnosis is  of  importance  in  cases  where,  for  instance,  an  hypochon- 
driacal patient  has  got  the  idea  into  his  head,  that  he  is  suffering 
from  calculus  or  gravel.  Thus  it  has  happened  that  sand  or  little 
pieces  of  stone,  which  have  accidentally  found  their  way  into  the 
chamber-utensil,  have  been  taken  for  urinary  concretions.  These 
usually  consist  of  silicates,  and  may  be  in  most  cases  readily  distin- 
guished from  urinary  calculi,  by  their  external  appearance  and 
physical  properties  (extreme  hardness),  of  course  also  by  their 
chemical  characters.  On  chemically  examining  these  false  concretions 
the  characteristic  properties  of  the  substances  which  form  urinary 
calculi,  &c.,  will  not  be  met  with,  and,  moreover,  analysis  (fusion 
with  carbonate  of  potash,  soda,  &c.,  as  described  in  Section  xviii.) 
will  generally  show  the  presence  of  a  large  quantity  of  silica, 
which  is  not  met  with  in  true  urinary  concretions,  or  only  in  very 
minute  quantities. 
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